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HE first report of an attempt at surgical cure of subacute bacterial 

endarteritis complicating patent ductus arteriosus was made by 
Graybiel, Strieder, and Boyer’ in 1938. The ease, which incidentally 
also represented the very first effort at: ductal ligation to be recorded in 
the literature, unfortunately terminated fatally on the fourth postopera- 
tive day. (The first successful ligation of a noninfected patent ductus 
arteriosus was reported by Gross and Hubbard? in 1939.) 

The first case of patent ductus arteriosus complicated by subacute 
bacterial endarteritis, in which operation was followed by recovery from 
infection, was presented by Touroff and Vesell'® before the Twenty- 
Third Annual Meeting of The American Association for Thoracie Sur- 
gery in June, 1940.* The case was one of a group of four which had 
been operated upon, by the present author, in the hope of curing super- 
imposed subacute Streptococcus viridans endarteritis. The results in 
these four operative cases,’ which were the first to be presenred follow- 
ing the unsuccessful ease of Graybiel, Strieder and Boyer, were as fol- 
lows: In the first, reeovery ensued. (The patient remains entirely well, 
more than two years following operation.) In the second ease, opera- 
tion had only transient beneficial effect because vegetations apparently 
already were present upon the aortic valve. (This patient sueeumbed 
of the original subacute Streptococcus viridans infection, eight months 
later.) In the two remaining cases death, from uncontrollable hemor- 
rhage, occurred in the operating room. 

From Beth Israel Hospital and The Mount Sinai Hospital. 

Received for publication March 14, 1942. 

*In July, 1940, Keele and Tubbs" of London reported a case of infected patent 


ductus in which, following operation, the patient survived but was not cured of 
infection. 
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Since subacute Streptococcus viridans endarteritis previously had been 
considered an almost invariably fatal disease, the prompt recovery of one 
patient of the two who survived operation was heartening. However 
the death of the third and fourth patients, from accidental hemorrhage, 
tended to indicatet hat operation in the presence of infected patent 
ductus was attended with considerable risk. Accordingly, the viewpoint 
was expressed that surgical therapy appeared worthy of further trial 
but that the development of some modification of operative technique, 
to reduce the hazards of operation, was highly desirable. In view of the 
fact that the recovery of the first patient might have been entirely 
fortuitous, it was emphasized that an evaluation of the effectiveness of 
surgical therapy would have to await further experience. 


During the ensuing year, a modification of the operative technique of 
Gross® was devised by the author;!? and since then four additional pa- 
tients, suffering from relatively early infection, have been subjected 
to operation.* The purpose of this communication is to present these 
eases briefly and to discuss certain aspects of infected patent ductus 
arteriosus which bear a relationship to surgical therapy. 


CASE REPORTS 


Case 5.—F. 8., female, aged 29 years.19 Patent ductus arteriosus was dis- 
covered at the age of 8 years. She was admitted to Beth Israel Hospital on 
May 15, 1941, with a suspected fracture of the left hip. Fever was present on 
admission. Roentgenologic examination of the hip was negative. The tempera- 
ture remained elevated without obvious cause. Blood culture, performed several 
days after admission, contained Streptococcus viridans (fifteen colonies per cubic 
centimeter). The patient was observed in the hospital for thirty-one days. The 
course was progressively downhill. The temperature ranged between 98.6° and 
104° F. Additional blood cultures contained as many as 177 colonies of Strepto- 
coccus viridans per cubic centimeter. Chemotherapy was poorly tolerated. Blood 
culture taken on the morning of operation contained 80 colonies per cubic centimeter. 

Operation (June 14, 1941) consisted of double ductal ligation, The ductus was 
indurated and moderately adherent. The first blood culture, taken three hours post- 
operatively, was sterile. Eleven blood cultures were performed subsequently, and 
these also were sterile. 

Sulfapyridine was administered on the twelfth postoperative day, because of con- 
tinuing fever without obvious cause. On the following morning, a small abscess of 
the superficial wound was discovered and evacuated. Chemotherapy was discontinued 
at once, the patient having received only 10 Gm, of the drug in all. All postopera- 
tive blood cultures—six in number—performed prior to the administration of sulfa- 
pyridine, were negative. Chemotherapy therefore cannot be credited with contribut- 
ing to the recovery. 

*Two patients with suspected patent ductus arteriosus, complicated by subacute 
Streptococcus viridans infection of long duration, also were operated upon. Both 
presented the stigmata of chronic bacteremia, i.e., profound anemia, café au lait 
color, great splenic enlargement, petechiae, amyloidosis, renal involvement, ete. (In 
one, a patent ductus was not found at operation and the nature of the existing, 
congenital cardiac anomaly still remains obscure.) In advance of operation, these 
two cases deliberately were placed in a special experimental group for the reason 


that complete recovery appeared to be most unlikely. They will not be described in 
this report, but will be the subject of a forthcoming, separate communication. 
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Convalescence was essentially uneventful thereafter. “The patient was discharged 


from the hospital on the thirty-fourth postoperative day and has remained entirely 
well up to the present time. 


CASE 6.—G. O., female, aged 51 years.16 Patent ductus arteriosus was discovered 
during early adult life. In 1929, the patient had subacute bacterial endarteritis 
superimposed on the patent ductus. Numerous blood cultures were positive for 
Streptococcus viridans at the time. (There had been no history of rheumatic fever, 
previously.) Spontaneous recovery occurred after fifteen months.* Since 1934 the 
patient had been under medical supervision because of mild but progressive circula- 
tory embarrassment. 

The patient was admitted to The Mount Sinai Hospital, on Aug. 12, 1941, with a 
two and one-half weeks’ history of fever, malaise, and weakness. A characteristic 
episode of left-sided pulmonary infarction had occurred five days prior to admission. 
Two blood cultures were taken in the hospital. These contained 40 and 52 colonies 
of Streptococcus viridans per cubic centimeter, respectively. The patient was ob- 
served in the hospital for twenty-three days. The course was progressively downhill. 
The temperature ranged between 98° and 103.6° F. Sulfapyridine and sulfathiazole 
were poorly tolerated, and symptoms of circulatory failure persisted. 

Operation (Sept. 4, 1941) consisted of double ductal ligation. The ductus was 
only slightly indurated and adherent. Extensive intrapleural adhesions, the 
result of old and recent pulmonary infarctions, were present. The pulmonary 
artery was tremendously enlarged and covered the aortic arch completely. 

The first postoperative blood culture, taken forty minutes after actual ductal 
ligation, was sterile. Four blood cultures were performed subsequently, and these 
also were sterile. Convalescence was uneventful. Chemotherapy was not adminis- 
tered postoperatively. The patient was discharged from the hospital thirteen days 
after operation and has remained entirely well up to the present time. Exercise 
tolerance is normal for the first time in many years. 


Case 7.—J. Z., female, aged 18 years.14 Patent ductus arteriosus was discovered 
at the age of 1% years. The patient was admitted to Beth Israel Hospital on 
Sept. 24, 1941, with a four-month history of dyspnea, lassitude, and high fever. A 
severe episode of left-sided pulmonary infarction had occurred two months after 
onset of illness. The patient had been confined to another hospital for the five 
and one-half weeks immediately preceding this admission. Blood cultures taken 
there were repeatedly positive for Streptococcus viridans. Sulfathiazole, in ade- 
quate dosage, was well tolerated but ineffectual. The clinical course was of the 
septic type, with temperature ranging as high as 105° F, Evidence of increasing 
circulatory failure developed. 

On admission to Beth Israel Hospital, the patient was very acutely ill, septic, 
and greatly emaciated. A blood culture contained 70 colonies of Streptococcus 
viridans per cubic centimeter. The patient was observed for only three days. A 
preoperative blood culture, taken in the operating room, contained 120 colonies of 
organisms per cubic centimeter. 

Operation (Sept. 27, 1941) consisted of complete ductal division.t Extensive 
intrapleural adhesions were present. The ductus was markedly indurated and ad- 
herent. <A fair-sized pulmonary infarct was noted in the left upper lobe. The 
mediastinal structures were markedly edematous, and many large, inflamed lymph 

*This is the second spontaneous recovery from subacute bacterial endarteritis 
complicating patent ductus arteriosus, to be reported. The first such case was re- 
ported by Chester.’ 


{This ductal division and the one which was performed in our original case, 
represent the only two in the literature up to the present time. 
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nodes were noted. Slight bleeding from the ductus occurred during the last stage 
of ductal dissection. The ductus was readily clamped, doubly ligated, and divided. 

The first postoperative blood culture, taken in the operating room eleven minutes 
after actual ductal division, contained one colony of Streptococcus viridans per cubic 
centimeter. A second culture taken thirty minutes later also contained one colony 
per cubic centimeter. Seven blood cultures were performed subsequently, and all 
were sterile. Convalescence was uneventful. Chemotherapy was not administered 
postoperatively. The patient was discharged from the hospital twenty-six days after 
operation and has remained entirely well up to the present time. 


CASE 8.—H. N., male, aged 9 years. Patent ductus arteriosus was discovered 
at the age of 8 months. The patient was admitted to The Mount Sinai Hospital 
Jan. 1, 1942, because of fever and malaise of twenty-four days’ duration. He was 
confined to another hospital for nine days immediately preceding admission. 
While there, the temperature ranged between 103° and 104° F., and blood cul- 
tures contained 38 to 88 colonies of a gram-positive organism, identified as an 
‘‘enterococcus.’’ Sulfadiazine was well tolerated but ineffectual, except for some 
antipyretic effect. At The Mount Sinai Hospital, blood cultures on two occasions 
revealed Streptococcus viridans (2 and 8 colonies per cubic centimeter, respectively). 
The patient was observed in the hospital for eight days where sulfadiazine therapy 
was continued. A preoperative culture, taken in the operating room, contained 
numerous colonies of Streptococcus viridans. 

Operation (Jan. 9, 1942) consisted of double ductal ligation. The ductus ap- 
peared entirely normal. 

The first postoperative blood culture, taken in the operating room ten minutes 
after ductal ligation, was sterile. A second culture taken twenty minutes later 
also was sterile. <A third culture, taken one hour postoperatively, likewise was sterile. 
A fourth culture, taken two hours postoperatively, contained one colony of Strepto- 
coccus viridans per 4 c.c. of blood. A fifth culture, taken seven hours postopera- 
tively, also contained one colony per 4 c.c. of blood. 

During the next six days, four blood cultures were taken, and all were reported 
sterile. On the eighth postoperative day, a culture revealed 1 colony in 20 c.c. of 
blood. (This was the only one of the author’s cases in which a positive culture 
was obtained after negative cultures once had become established.) Six blood 
cultures were taken subsequently at two-day intervals; all were sterile. Convales- 
cence was uneventful. Chemotherapy was not administered postoperatively. The 
patient was discharged from the hospital twenty days after operation and has re- 
mained entirely well. 


DISCUSSION OF OPERATIVE CASES 


In the brief case reports presented above, there are included only 
those details which are germane to the present discussion. However, 
references to the more complete, individual reports will be found in the 
appended bibliography. In all four cases, the blood cultures were posi- 
tive on admission to the hospital and chemotherapy was administered, 
or had been administered previously, in an attempt to bring about recov- 
ery before resorting to surgery. In two eases (Cases 5 and 6), sulfon- 
amide drugs were poorly tolerated and had to be discontinued before 
adequate dosage could be established. In the remaining two (Cases 7 
and 8), chemotherapy was well tolerated but proved ineffectual. Thus, 
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when referred for surgical treatment, all patients still presented evi- 
dence of active infection and had positive blood cultures. Operation 
consisted of ductal ligation in three instances and ductal division in one 
(Case 7). 

In order to observe the effect of surgical therapy alone, it was planned 
not to employ chemotherapy after operation. However in one’ case 
(Case 5), sulfapyridine was administered on the twelfth postoperative 
day. This was discontinued on the following morning, the patient hav- 
ing received a total of only 10 Gm. of the drug in all. It is to be em- 
phasized that in this ease, six postoperative blood cultures had been 
taken before the administration of chemotherapy was begun, and all had 
been reported sterile. Accordingly, it is justifiable to state that the use 
of sulfapyridine played no role in the patient’s recovery. In the remain- 
ing three eases, chemotherapy was not administered postoperatively. Un- 
der the circumstances, the recovery of all four patients can be attributed 
solely to operation. These results suggest most strongly that the recov- 
ery of our original patient was not fortuitous. Furthermore they permit 
the inference that operative cure now can be anticipated with some 
degree of regularity, at least in those cases in which the infection is of 
relatively short duration. 


THE THEORETICAL DANGERS OF OPERATION 


In our original presentation,'’ attention was called to the early opinion 
expressed by Gross,’ namely, that operation was contraindicated in cases 
of infected patent ductus because ‘‘the friable vegetations will almost 
certainly be dislodged and result in embolism or a more severe bae- 
teremia.’** This viewpoint was not substantiated by observations made 
in the two patients who survived operation, in our first series. It is 
further negated by the four eases of the present series, for in not a single 
instance did postoperative embolization occur despite the fact that in two 
cases spontaneous pulmonary embolization was noted prior to operation. 
Postoperatively, more severe bacteremia not only did not oceur, but the 
blood cultures became sterile in an astonishingly short period of time. 

A question as to the likelihood of occurrence of postoperative Strep- 
tococcus viridans mediastinal and pleural infection also has been an- 
swered, for in none of the cases was such infection noted. Accordingly 
it appears warranted to state that, if the patient survives operation, 
there appears to be little danger of postoperative embolization, more 
severe bacteremia, or Streptococcus viridans mediastinal and pleural 
infection. Pyogenie infection from some extraneous source is, as in 
any surgical ease, a possibility; and in one case (Case 5), an abscess 
of the superficial wound developed. 

As was emphasized in our original presentation, the greatest danger 
of operation in eases of infected patent ductus is that of accidental 

*As the result of recent personal experience Gross, in a communication to the au- 


thor, has withdrawn his original objections to operation in the presence of infected 
patent ductus arteriosus. 
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hemorrhage. The latter will be discussed fully later, but at this point 
it may be mentioned that this hazard has been reduced substantially 
by early operation and by the employment of a modification of opera- 
tive technique which has been described in a separate communication.’” 


THE RATIONALE OF OPERATION 


Abbott’ has emphasized that the development of vegetations within 
the pulmonary artery is an early and practically constant feature of 
infected patent ductus arteriosus. This concept is of great impor- 
tance from the standpoint of surgical therapy, for under the above cir- 
cumstances it must be assumed that vegetations practically always are 
present within the pulmonary artery (and the ductus) at the time of 
operation. It is obvious that operation as performed—either ductal 
ligation or ductal division—does not result in removal of the aforemen- 
tioned vegetations from contact with the circulating blood. Inasmuch as 
these surgical procedures have proved curative however, some explanation 
of their efficacy must be offered. Accordingly, a concept of the rationale 
of surgical treatment which has been set forth elsewhere!® will be 
summarized at this point. 

It is assumed that vegetations within the ductus and pulmonary 
artery are being constantly traumatized by the swirling ductal eur- 
rent, and that, as a result, infected emboli and organisms are being 
more or less uninterruptedly broken off into the circulation. Since 
the direction of the ductal current is continuously from the aorta 
toward the pulmonary artery, it is logical to maintain that infective 
material (derived from the vegetations mentioned above) for the most 
part enters the pulmonary artery.'’* However it is assumed that re- 
verse eddy currents along the ductal wall also result in the entry of 
some material directly into the aorta. In the presence of an open 
ductus, there is a substantial increase in the pressure, volume, and rate 
of flow of blood in the pulmonary cireuit. These in turn produce dilata- 
tion of the entire pulmonary arterial tree, and also create a powerful 
driving foree which may facilitate the passage of infective material 
through the presumably already dilated capillaries of the lung. 

It is postulated that, by closing the arteriovenous shunt, the trau- 
matizing action of the swirling current upon the vegetations within 
the ductus and pulmonary artery, is terminated abruptly. This is 
assumed to result in a diminution in the amount of infective material 
which is broken off and enters the circulation. At the same time, none 
of the material now can enter the aorta directly through the ductus, 
but must enter the pulmonary artery exclusively. The factors respon- 
sible for dilatation of the pulmonary capillaries and for the increased 
driving power of blood in the pulmonary circuit also are eliminated by 
duetal ligation. This is assumed to result in an increase in the effi- 
ciency of the pulmonary protective (filtering and phagocytic) mecha- 
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nism. The relatively few organisms which still may pass through the 
capillaries of the lung, to enter the peripheral circulation, presumably are 
disposed of fairly readily; and the peripheral blood cultures become 
sterile quite promptly. Complete recovery, as evidenced by subsidence 
of clinical and laboratory evidences of infection, occurs only after the 
residual vegetations within the duetus and pulmonary artery heal. 
Whether such healing is due to alteration of loeal mechanical factors 
or nutrition of the vegetations is uncertain. 

Evidence in support of the above-outlined concept of the mechanism 
of recovery will be found in the more detailed communication to which 
reference already has been made.’* Regardless of whether or not our 
theory proves correct it remains an incontrovertible fact that, since 
all vegetations are not removed from the ductus and pulmonary artery 
at operation, such vegetations heal spontaneously in eases in which 
recovery ensues. 


PATHOLOGIC FEATURES OF SURGICAL SIGNIFICANCE 


The main pathologie features of surgical significance, in cases of in- 
fected patent ductus arteriosus complicated by subacute Streptococcus 
viridans endarteritis, were discussed in a previous communication."* These 
features, aside from the actual location of vegetations, are: (1) fria- 
bility of the ductus, (2) adherence of the duetus to the surrounding 
structures (the most important of which is the pulmonary artery), and 


(3) dilatation and thinning of the pulmonary artery. Their imports 
is attributable to the fact that, as they become more marked, operativi: 
becomes more difficult and also more hazardous. 

Friability is due to :.oninfectional (atheromatous and sclerotic) chan- 
ges and superimposed infectional changes (endarteritis and arteritis) of 
the ductal wall. In children, noninfectional atheromatous and sclerotic 
changes are likely to be relatively slight, and the ductal wall usually 
is soft and nonresistant prior to the onset of infection. In adults how- 
ever, even in the absence of infection, the ductal wall is more likely 
to be atheromatous and often is calcified in varying degree. When 
infection supervenes, the previously sclerotic wall becomes inflamed 
and often more friable. (At times, the infective process is so destrue- 
tive that mycotic aneurysms of the ductus and pulmonary artery de- 
velop.) As will be shown presently, ductal friability appears in general 
to be proportional to (1) the age of the patient and (2) the duration 
and intensity of the local infective process. 

Adherence of the ductus to the surrounding structures (the most 
important of which is the pulmonary artery) is due to periarteritis. 
The latter, in turn, usually is the result of an inflammatory process 
which begins in the intima and subsequently involves not only the wall 
of the ductus but the periductal tissues as well. Such periarteritis 
apparently is proportional to the intensity and duration of ductal 
infection. 
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Dilatation and thinning of the pulmonary artery appear to be pro- 
portional to the duration, diameter, and degree of patency, of the 
arteriovenous communication. Thus in adults (in whom the shunt has 
been of longer duration than in children), other factors being equal, 
dilatation of the pulmonary artery and thinning of the wall of the 
latter usually are proportionally much more marked than in younger 
persons. 


THE RELATIONSHIP BETWEEN PATHOLOGIC CHANGES AND 
THE HAZARDS OF OPERATION 


The degree of ductal friability and adherence and the extent of 
dilatation and thinning of the pulmonary artery have a direct bearing 
upon surgical therapy in so far as they tend to increase the difficulty 
of operation and the likelihood of accidental hemorrhage. Thus the 
separation of an extensively diseased, friable ductus from a greatly 
dilated, thin-walled pulmonary artery—when the two are firmly ad- 
herent—is a procedure which not only is difficult but dangerous. It is 
to be stressed that in cases of patent ductus arteriosus, infection super- 
venes most commonly during adult life. Under the latter cireumstances 
even if the infection is of short duration (and the infectional ductal 
changes therefore slight), there still remains a great likelihood of 
encountering atheromatous and sclerotic (noninfectional) changes of 
_ the ductus and marked dilatation and thinning of the pulmonary artery, 
at operation. The dangers of operation in adults with patent ductus, 
even in the absence of superimposed infection, is well illustrated by a 
recent report of Gebauer and Nichol.* In their patient, a woman, aged 
39 years, the diameter of the pulmonary artery was found at operation 
to be twice that of the aorta. The ductus was firmly adherent to the 
thin-walled dilated pulmonary artery, even though infection was not 
present. The ductus itself was short, and so sclerotic and ealcifie as 
to east a recognizable ringlike shadow on the roentgen film. During 
the process of separating the ductus from the pulmonary artery, there 
was tremendous hemorrhage from the latter and from the aorta. Death 
occurred quickly. 

In our first series, all four patients were adults between the ages of 
24 and 63 years. The ductal and periductal changes, in general, were 
found to be more marked than in the eases of the present series. In 
three cases, hemorrhage occurred. In the remaining case, the ductal 
changes were inilder and no hemorrhage took place. 

In the four cases of the present series, the patients ranged in age 
from 9 to 51 years. The ductus was severely inflamed, markedly ad- 
herent, and friable in only one instance (Case 7). It is of importance 
to note that in this case, the infection not only was of the longest 
duration but clinically was the most severe. Slight bleeding occurred. 
but was controlled without great difficulty by clamping and thei. 
dividing the ductus completely. In two cases (Cases 5 and 6), the 





mal 
ea 
> 
S 
i= 
5 
MN 
3) 
— 
5 
<q 
od 
S 
om 
= 
S) 
2 
< 
Z, 
mS 
= 
° 
a) 


7 
vi 


THI 


‘Z Salleag WoT 


8 0} & pue ‘T SalIag WoOIl JIB F 0} T SASBO,y 





U9 M 


ot/6/T 
WOTZBST] [VJONG 


0 


PUN 


SY9OM C 


‘N"H 





TlOM 


It/L3/6 
UOISIATp [BONG 


ss 


otydes 
ATpoyreyy 


SyjuUOU F 





TOA 


1t/t/6 
WOTWBVSTT [BONG 


0 


WO'4BIOLIOJOP 
MOIS “PITIN 


SYOOM g 





TOM 


1t/t1/9 
UOLJBST] [BONG 


UWOT}VIOLIO}OP 
MOTS *PITIN 


(% ) Syooar 8-9 
‘sXep (+) Te 
ULBYLIOU) 


i) 
SA 





petd 


0F/8/F 


arydag 


syquour ¢ 





petd 


OF/9T/E 


UOI}VIOLIOJOP 
MOIS “PINN 


syqyuour 


€9 





eatyes0doysod 
SyyUOU g poly 
*peaorduriu 


0F/8/6 
UOTpVST] [BJoNG 


0 


++ 


++ 


auydas 
AT poyseyy 


SYOoA 


66 


‘Wf 'D 





Tle M 


OF/L3/T 
UWOISTAIP [BONG] 


d19AVG 


++ 


+++ 


oujdas 
way} “PIN 


syjuour 


66 


Ll ‘S'S 








LTNSAY 





NOLLVUAdO 





GDVHYYONAH 





“V ‘d 


Ao 


NOILVLVTIG 





SLLIGALYV Id 
aNV SLLIYALYV 





aSunoo 
TIVOINT'IO 





NOLLOGUANI 
JO NOVY 





adv 








xas | LNALLVd 








yNOLLVUGdO JO SLTASAY AHL GNV ADVHUNOWAH OL CALVIAY SV SAYALVAY OINOTOHLVdOOINITA 


II a1avy 








TOUROFF: STREPTOCOCCUS VIRIDANS ENDARTERITIS 11 


ductus was moderately firm and adherent. In these, the clinical course 
prior to operation was essentially one of gradual deterioration rather 
than of severe sepsis; and the infection was of appreciably shorter 
duration than in Case 7. In neither of these cases did bleeding oceur. 
In the last case (Case 8), the ductus appeared quite normal, and opera- 
tion was as simple as in cases of uninfected patent ductus. It is‘highly 
significant that (1) the patient was a child (the only nonadult in the 
group), (2) the infection was only of five weeks’ duration, and (3) 
the clinical course was relatively mild. 

As regards dilatation and thinning of the pulmonary artery, this 
feature was most marked in the oldest patients (in whom the arterio- 
venous shunt naturally had existed for the longest period). Thus in 
the original series, maximal enlargement was found in a patient aged 
63, and in the second series, in a patient aged 51 (Case 6). In both, 
the pulmonary artery was so large as to obscure the aorta completely. 
The least dilatation was found in the youngest patient, a child of 9 
(Case 8), in whom the diameter of the pulmonary artery was about 
equal to that of the aorta. In the remaining patients, the diameter of 
the pulmonary artery was somewhat greater than that of the aorta. 
Excluding the factor of the patient’s age, the degree of dilatation and 
thinning of the pulmonary artery appears to be proportional to the 
diameter of the ductus and the completeness of ductal patency. In 
those instances in which the ductus is of large caliber and is widely 


patent, a substantial volume of aortic blood is shunted continuously 
into the pulmonary artery. As a result, the latte: becomes consider- 
ably dilated. On the other hand, when the ductus is of small caliber 
or is only partially patent, enlargement of the pulmonary artery in 
general is likely to be less marked. 


THE RELATIONSHIP BETWEEN DURATION OF INFECTION AND CURABILITY 


When the infection is of relatively short duration, vegetations are 
likely to be confined to the ductus and pulmonary artery. Under such 
circumstances, ductal ligation would appear to have a fair chance of 
success. On the other hand, when infection is of longer duration, vege- 
tations may spread to the cardiac valves or along the ductus directly inte 
the aorta. In the presence of such vegetative foci, ligation of the ductus 
can not be expected to control the sepsis. 

In view of great variation in the virulence of different strains of 
Streptococcus viridans and in the resistance of persons to such infec- 
tion, there is considerable variation in the time which may elapse be- 
tween the onset of infection and the spread of vegetations beyond the 
ductus and pulmonary artery. Therefore, it is impossible to state for 
how long a period an infection may be present and the ease still remain 
operable. While in some eases, vegetations may not spread to the aorta 
or cardiac valves until relatively late, it must be remembered that in 








12 THE JOURNAL OF THORACIC SURGERY 


the meantime such patients may succumb as the result of extensive 
extracardiae parenchymal disease (renal involvement, amyloidosis, ete.) 
induced by the prolonged sepsis. 

In Cases 6, 7, and 8, the total duration of infection (from the time 
of onset of clinical manifestations to operation) was approximately 
eight weeks, four months, and five weeks, respectively. In Case 5 the 
duration of infection was impossible to determine with accuracy. The 
patient was admitted to the hospital because of a suspected fracture 
of the hip and, although fever and positive blood cultures were found, 
she had no complaint other than that of pain related to the trauma. 
She was observed in the hospital for thirty-one days prior to operation, 
and, accordingly, the duration of infection can be designated only as 
thirty-one (plus) days. However, her good physical condition and lack 
of symptoms on admission, together with the mildness of the inflam- 
matory changes found at operation, suggested that the total duration 
of infection probably did not exceed six to eight weeks. 

The rapidity with which blood cultures became negative and re- 
covery ensued, in all four cases of this series, is the best indication 
of the effectiveness of operation in patients suffcring from infection of 
relatively short duration. As a corollary, it may be stated that the 
longer the duration of infection, the less, in general, is the likelihood 
of eure. 

THE DESIRABILITY OF EARLY OPERATION 


Krom evidence already presented it is clear that operation, in pa- 
tients suffering from early infection, is likely to be attended with little 
difficulty and danger and a promising outlook for recovery. Under 
the circumstances, it appears proper to warn against prolonged ef- 
forts to induce recovery by nonoperative methods. The most impor- 
tant of such forms of treatment is chemotherapy, with or without the 
use of certain adjuvants such as heparin or fever therapy. It is now 
generally agreed, by those with extensive experience in the use of 
sulfonamide -drugs, that, if the latter are to prove effectual, they ac- 
complish their purpose fairly promptly. Thus if intensive chemotherapy, 
in one form or another, does not result in the disappearance of clinical 
evidence of infection and sterilization of the blood stream within a 
period of two or three weeks, it is advisable to discontinue such 
treatment. Failure to observe this dictum leads to unnecessary delay 
which not only may render surgical therapy more difficult and hazard- 
ous, but also may militate against suecess even if operation is carried 
out successfully. 


INDICATIONS AND CONTRAINDICATIONS TO OPERATION 


Limitation of space prevents a complete discussion of the indications 
and contraindieations to operation. However, at the present time, the 
author recognizes only two absolute operative contraindications. The 
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first is incontrovertible evidence that the open ductus is present as a 
compensatory mechanism for some other coexisting, congenital cardio- 
vascular anomaly such as subaortie or pulmonic stenosis, coarctation of 
the aorta, ete. Ductal ligation, if carried out in the presence of one 
of the foregoing lesions, quickly leads to circulatory embarrassment and 
death. The second contraindication to operation is strong evidence that 
vegetations already have spread to the endocardium, aorta, or to the 
mitral or aortic valves. Under sueh circumstances, ductal lrgation is of 
no value for the reason that the new lesions continue to feed infective 
material directly into the peripheral blood stream. [It is to be empha- 
sized that the presence of an infection of long duration does not per se 
constitute a contraindication to operation, unless vegetations already 
have spread to the areas mentioned above. If extracardiae parenchymal 
changes alone have supervened, operation probably will prove of little 
value. However, no conclusive statement can be made in regard to the 
limitations of operation in such cases, and further experience may dem- 
onstrate that the latter are not all as hopeless as perhaps they appear. 
(The response of such cases to operation is being investigated by the 
author at the present time.) ] 

In a previous communication," ‘‘poor condition of the patient’? was 
stated to constitute a contraindication to operation. Further experi- 
ence has demonstrated, however, that this statement requires some 
modification. ‘‘Poor condition’’ due to parenchymal disease has been 
discussed in the preceding paragraph and requires no further elabora- 
tion. However, poor condition due to other causes, such as eardiae 
failure or severe sepsis, merits additional consideration. The safety 
of operation in the presence of these complications is well illustrated 
by Case 7. This patient suffered not only from circulatory failure and 
severe sepsis, but also from a large pulmonary infarct. She was so 
acutely ill and also so debilitated that early fatality appeared immi- 
nent. On the assumption that there was little to be lost and perhaps 
much to be gained by prompt operation, the latter was perforined after 
a three-day period of investigation and preparation. The response was 
so prompt and convalescence so uneventful as to be almost miraculous. 
In a somewhat less dramatic case, operation was well tolerated by a 
51-year-old patient suffering from circulatory failure and pulmonary 
infarction (Case 6). In both of these cases, the difficulties of opera- 
tion were further increased by the presence of extensive intrapleural 
adhesions. 

OPERATIVE TECHNIQUE 


Cyclopropane or ethylene anesthesia, administered through a snugly 
fitting face mask, was employed in all cases. (The intratracheal method 
not only is unnecessary but often induces severe laryngotracheal irrita- 
tion which in turn may lead to serious pulmonary complications. ) 
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In the three cases in which ligation was performed, the ductus was 
tied off with two heavy silk ligatures. In the case in which complete 
division was performed (Case 7), two Carmalt clamps were applied 
and the ductus severed between them. Each stump then was ligated 
with a single heavy silk ligature, no attempt being made to suture the 
ductal stumps or to invert them. The mediastinal pleura was left open 
in all cases except the last (Case 8). There, because of the presence 
of minimal inflammatory changes in the mediastinal tissues, the pleura 
was closed loosely. 

The modified technique of freeing the ductus has already been de- 
scribed’* and will not be detailed at this point. Suffice it to state that 
it first consists of freeing an area of the aortic arch, immediately ad- 
jacent to the proximal end of the ductus. This dissection is carried 
out within the adventitia of the aorta, and not outside the latter. After 
a ‘‘tunnel’’ has been made on the posteroinferior surface of the aortic 
arch, within the substance of the adventitia, the interadventitial plane 
of cleavage is carried downward and mesially behind the ductus. In 
this manner, by freeing a layer of ductal adventitia (which is retracted 
away from the ductus together with the pulmonary artery), the ductus 
is separated from the latter structure. (In the presence of periarteritis, 
the layers of the ductal adventitia can be separated from one another 
more readily than the ductus, as a whole, can be separated from the pul- 
monary artery.) With good illumination and the use of small re- 
tractors, the relatively ‘‘blind’’ dissection of the posteromesial ductal 
wall can be carried out under fairly complete visualization. 

With the employment of this technique, the time of operation has 
been reduced substantially and the procedure appears to have been 
rendered more safe. Slight bleeding occurred in Case 7 after the ductus 
had been practically completely freed. However, in this ease, the ductus 
was so adherent to the pulmonary artery that it is doubtful whether 
the two structures could have been separated safely by the usual method. 
In Cases 5 and 6 the ductus was adherent, but to a lesser degree than 
in Case 7. Although the dissection might have been carried out suecess- 
fully by the usual method, the ease and safety with which it was per- 
formed in these two cases was striking. (In Case 6, operation was per- 
formed in fifty-five minutes.) Case 8, because of minimal local inflam- 
matory changes, could not be considered a fair test. 


THE RESULTS OF OPERATION 


All four patients recovered following operation, and all have re- 
mained well. (Up to the present time,* Case 5 has been followed for 
one year, Case 6, for nine and one-half months, Case 7, for eight and 
one-half months, and Case 8, for five months.) These results are to be 
contrasted with those obtained in our original series (one cure in four 


*June 15, 1942. 
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cases). It is to be emphasized again that three patients received no 
chemotherapy following operation. One received an insignificant amount 
of sulfapyridine after all postoperative blood cultures, taken up to that 
time, had been reported negative. 

While this report is concerned primarily with personal experiences 
in the surgical treatment of infected patent ductus arteriosus, it seems 
proper to set forth briefly the results which have been achieved by 
others. Since presenting our first successful case in June, 1940, only 
two other reports of operative cases of infected patent ductus have 
appeared in the literature.” 1! The first was by Keele and Tubbs,” of 
London, in July, 1940; and at the time of publication (six months post- 
operatively) the patient’s blood cultures still were positive. A more 
recent report concerning this patient discloses that, following intensive 
chemotherapy, the blood cultures finally became sterile thirteen months 
after operation.? In view of the long interval between operation and 
recovery, it might be maintained quite properly that the latter was due 
solely to the use of chemotherapy. The second case was reported by 
Bourne, Keele and Tubbs,’? fairly recently. In this ease, the use of 
sulfapyridine resulted in sterilization of the blood stream prior to 
operation. Furthermore, the administration of the drug was continued 
after operation. Under these cireumstanees, it might be claimed with 
some justification that the use of chemotherapy actually had resulted 
in cure prior to operation, or at least that it was partially responsible 
for recovery after operation. Accordingly, it is impossible to evaluate 
the individual role of surgery or chemotherapy in the recovery of this 
patient. 

Gross* states that he has operated upon four eases of infected patent 
ductus arteriosus. In the first case, following ligation and chemother- 
apy, infection continued. (The patient had been ill for eleven months 
prior to operation.) In the next two cases, chemotherapy rendered the 
blood cultures sterile prior to operation. Following ductal ligation, 
chemotherapy was continued. Both of these patients recovered. The 
same objections that might be raised in regard to the case of Bourne, 
Keele, and Tubbs, also would apply in these two eases. 

In Gross’ last case, a blood culture was positive on the day prior to 
operation. Ductal ligation, followed by the administration of chemo- 
therapy, resulted in recovery. Humphreys,’® of New York, has oper- 
ated upon two eases of infected patent ductus arteriosus. As in Gross’ 
last case, the blood cultures were positive prior to operation in spite of 
intensive chemotherapy. Ductal ligation, followed by further chemo- 
therapy, resulted in recovery in both instances. In the aforementioned 
three cases, in view of the failure of chemotherapy to sterilize the blood 
stream preoperatively, recovery cannot be ascribed solely to the use of 
chemotherapy following operation. On the other hand, recovery ecan- 
not be attributed entirely to surgery, for the administration of chemo- 
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therapy after operation served to introduce an additional therapeutic 
factor. However, it may be concluded that the combination of opera- 
tive treatment and chemotherapy was responsible for recovery, and 
that these measures constitute an effective form of treatment of sub- 
acute bacterial endarteritis superimposed on patent ductus arteriosus. 
The author, by avoiding the use of chemotherapy following operation, 
demonstrated originally that ductal division by itself was capable of 
bringing about recovery. As the result of additional personal experience, 
he is able to confirm that observation and to add that ductal ligation is 
similarly effective. 


SUMMARY 


Various features of infected patent ductus arteriosus, which bear a 
relationship to surgical therapy, are discussed. 

Four additional patients suffering from subacute Streptococcus viri- 
dans endarteritis superimposed on patent ductus arteriosus have been 
subjected to operation. 

Chemotherapy was administered in each ease prior to operation with- 
out resulting in sterilization of the blood stream. 

Operation consisted of ductal ligation in three instances and of ductal 
division in one. 

Following operation, three of the patients received no chemotherapy. 
The remaining patient received a total dose of 10 Gm. of sulfapyridine 
(on the twelfth postoperative day) because of continuing fever of ob- 
seure etiology. However, all postoperative blood cultures—six in num- 
ber—already had been reported negative before chemotherapy was 
administered. 

All four patients recovered and have remained free of infection since 
operation. 


Among eight cases, comprising the first and second series, there were 
five cures, two deaths from accidental hemorrhage, and one failure 
aseribable to the presence of vegetations upon the aortic valve at the 
time of operation. Thus among six operative survivals, there were five 
recoveries and one failure (attributable to improper selection of the 
ease for operation). 


CONCLUSIONS 


Surgical therapy, consisting of ductal ligation or division, is an 
effective form of treatment of subacute Streptococcus viridans endar- 
teritis superimposed on patent ductus arteriosus. 

It is not necessary to supplement such treatment with chemotherapy. 

Operation is most likely to be attended with low morbidity and 
mortality and a high incidence of cure, if operation is performed dur- 
ing the early stages of infection. 
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ADDENDUM 


Since preparing this paper for publication, two additional patients 
suffering from patent ductus arteriosus complicated by infection, have 
been cured by operation. 
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THE SURGICAL ANATOMY OF THE PULMONARY LOBES 


Epwarb M, Kent, M.D. (By INVITATION), AND BRIAN Buapes, M.D. 
St. Louis, Mo. 


HE careful dissection and individual disposal of hilar structures 
have replaced all other methods for total pneumonectomy except in 
those few instances in which the pursuit of such a technique has been 
found impossible. Although of more recent application and less firmly 


grounded upon clinical experience, the same surgical principles of in- 
dividual management of anatomic structures promise to become equally 
dominant as the preferable method of performing lobectomy’ * or seg- 


mental resection.” 

The anatomic patterns of the hilum of the lungs have been clearly 
delineated* * * so that surgical application of this knowledge has become 
widespread. The surgical anatomy of the roots of the lower lobes’ * and 
of the right middle lobe and the lingula of the left upper lobe® * have 
also been described. 

There has been, however, no description of the surgical anatomy of 
the roots of the upper lobes and there has appeared no composite, co- 
ordinated picture of the entire problem as it applies to pulmonary re- 
section. It was in an effort to fulfill this need that the present investiga- 
tion was pursued and the observations which have been made are based 
upon anatomic studies of 227 lungs dissected immediately post mortem, 
the study of the intrathoracic structures in seven embalmed cadavers 
and the clinical application of this knowledge in twenty-seven instances 
of lobectomy. 

It is probable that the use of a familiar structural framework to which 
we may add the additional important factors will greatly facilitate the 
description. The tracheobronchial tree is well known to those who are 
concerned with intrathoracic disease and, therefore, will be discussed 
first and the anatomic relationships of the blood vessels will be oriented 
accordingly. 

In performing total pneumonectomy the surgeon is concerned with 
the right and left main bronchi (Fig. 1) and in lobectomy he is inter- 
ested in the principal divisions of the main bronchi (Fig. 1). On the 
right, these consist of the upper lobe bronchus, the middle lobe bronchus, 
and the lower lobe bronchus with its important branch to the superior 
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division of the lobe. On the left, we must concern ourselves with the 
upper lobe bronchus and its subsidiary to the lingula, with the lower 
lobe bronchus, and, as on the right, with the branch bronchus to the 
superior division of the lower lobe. 

The right upper lobe bronchus has been found to be of sufficient 
length to allow division as a unit and careful closure in the great 
majority of instances. The right middle lobe bronchus is always of 
sufficient length to allow easy individual management. Churchill* has 
expressed his belief that intrahilar resection of the middle lobe can be 
performed, but that it is unwarranted because the tourniquet leaves a 
hilar stump so small that it rarely results in complications. The fissure 
between the right upper and middle lobes is incomplete or absent in a 
high percentage of instances’ and is the principal obstacle to excision of 
either of these structures by individual ligation. 
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Fig. 1.—Illustration made from fresh specimen. The fissures have been completed 
and the lobes retracted from normal position to make it possible to visualize all 
points under discussion; the levels of origin of the right middle lobe bronchus and 
the branch bronchus to the superior division of the right lower lobe are to be em- 
phasized. Proportions are incorrect, especially the pulmonary lobes which have 
partially collapsed. 


The right lower lobe bronchus is, for surgical purposes, short at best 
because its superior division branch arises at a level in close proximity 
to that of the middle lobe bronchus; indeed, it is often at the same level 
and rarely even higher. For these reasons it is frequently necessary to 
divide the main trunk of the right lower lobe bronchus and its superior 
division branch separately, and to effect a separate closure of each. It 
has been suggested*® that the two orifices may be made one before repair 
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is attempted but we can see no possible advantage in making one larger 
bronchial opening of two smaller structures only to be forced to attempt 
to accomplish with suture material that which we have destroyed with 
the scalpel. The bronchus to the superior division of the lower lobe is 
also important because of its role in segmental resection, whether it is 
to be preserved or removed in such a plan of attack upon localized dis- 
ease of the lower lobes. 

The bronchial divisions on the left side which must be considered are 
the upper lobe bronchus, the bronchial division to the lingula of the 
upper lobe, and the lower lobe bronchus with its branch to the superior 
division of the lobe. 

The left upper lobe bronchus is of adequate length to allow direct 
surgical attack upon it and to make subsequent closure practicable. The 
bronchial division to the lingula of the left upper lobe is important be- 
cause of the frequency with which this segment of the lobe must be re- 
sected in the surgical treatment of bronchiectasis. Segmental resection 
of the lingula as advocated by Churchill and Belsey? is predicated upon 
the individual management of its bronchus and of its venous and 
arterial components. The anatomie pattern of the bronchus to the 
lingula is of two chief types (Fig. 2), and is suitable for direct surgical 
attack in either instance. 


A. B. 


Fig. 2.—-Diagrammatic representation of variations in the mode of origin of the 
branch bronchus to the lingula and the axillary division of the upper lobe bronchus; 
the pattern shown in A is the more common. (Churchill and Belsey, Ann. Surg. 109: 


481, 1939.) 


The left lower lobe bronchus differs from its counterpart on the right 
side in that there is no middle lobe bronchus to compromise its length 
and hence surgical management is distinctly less difficult. On the left 
side the branch bronchus to the superior division of the lower lobe is of 
significance because of its role in segmental resection of a part of the 
lobe. 

In summary, it is possible to declare that the bronchi of all lobes are 
of adequate proportions to allow direct surgical attack. In addition, the 
bronchial divisions to the lingula of the left upper lobe and the branch 
bronchi to the superior divisions of the lower lobes are adequate for 
similar management in segmental resection. As has been pointed out, in 
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the performance of right lower lobe resection by the individual ligation 
technique, it is often necessary to divide separately the main trunk of 
the lower lobe bronchus and its superior division branch. This anatomic 
characteristic constitutes the chief technical hazard of the method but 
it may be overcome by careful dissection. Furthermore, observation of 
the levels of these components may be made at preoperative bron- 
choscopy and thus the surgeon may be forewarned concerning the 
anatomic pattern likely to be encountered. 
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Fig. 3.—TIllustration made from dissection of fresh specimen, anterior aspect right 
side; the relative positions of the pulmonary veins, the oulmonary artery, and the 
right main bronchus are shown and the position of the interior pulmonary vein and 
its relationship to the upper end of the inferior pulmonary ligament are emphasized. 

The pulmonary veins and their major lobar wibutaries will be con- 
sidered next. These structures are two in number on each side and all 
empty into the left auricle. They are found immediately beneath the 
pleura which covers the hilum and may be approached with facility by 
an anterior initiation of the dissection. 


The venous pattern for the right side may be seen in Fig. 3. The 
superior pulmonary vein lies in an anterior position in the hilum and 
receives tributaries from the upper and middle lobes, a fact which must 
be borne in mind when resection of either of these lobes is contemplated. 





22 THE JOURNAL OF THORACIC SURGERY 


If the entire vein is sacrificed during the resection of one of these lobes, 
the other lobe has been deprived of its venous channel and may not sur- 
vive. Fig. 4 is an illustration of the anterior view of the hilum in which 
the distribution of the venous tributaries is clearly depicted. Rarely, 
the venous tributary from the middle lobe enters directly into the left 
auricle and thereby exists as a third right pulmonary vein. 


Fig. 4.—Diagrammatic illustration of anterior view of right pulmonary hilum. 
U.L., upper lobe; M.L., middle lobe; L.L., lower lobe; Br., right main bronchus ; iP 
pulmonary veins; P.L., inferior pulmonary ligament; D., diaphragm; S.V.C., superior 
vena cava; Ao., aorta; P.A., pulmonary artery; R.A., right auricle, and H., heart. 


The right inferior pulmonary vein collects the aerated blood of the 
right lower lobe and enters the left auricle just below the point of entry 
of the superior pulmonary vein. This vein is situated immediately an- 
terior to the hilar end of the inferior pulmonary ligament and may be 
found with accuracy by carefully dividing the ligament, or by preserv- 
ing the ligament as a guide and initiating the dissection of the vein be- 
tween the posterior wall of the vessel and the anterior surface of the 
ligament. The first tributary of the inferior pulmonary vein comes from 
the superior division of the lower lobe and this may be preserved or 
divided, depending upon which portions of the lobe are to be excised by 
segmental resection. 

The left pulmonary veins are also two in number and are best ap- 
proached from the anterior aspect of the hilum (Fig. 5). The left 
superior pulmonary vein arises in the left upper lobe and, at the lobe 
root, is formed by the union of three or four principal tributaries. One 
of these tributaries arises in the lingula and is important in segmental 
resection of this part of the upper lobe. As on the right side, the left 
inferior pulmonary vein arises in the lower lobe and empties into the 
left auricle. The similarity of this vessel to its counterpart on the right 
is clearly indicated in Fig. 6. This vein is also just anterior to the hilar 
end of the inferior pulmonary ligament and may be dealt with as 
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described for the right inferior pulmonary vein. The first tributary of 
this vessel arises in the superior division of the lobe and the implications 
of this fact have been alluded to in the discussion of the right side. 

The pulmonary arteries are to be considered at this point and it may 
be recalled that the right pulmonary artery is found anterior to and at 
a slightly lower level than the right main bronchus and is posterior to 
and slightly above the superior pulmonary vein (Figs. 3 and 4). An 
illustration of the course and of the main branches of the right 
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Fig. 5.—lIllustration made from dissection of fresh specimen, anterior aspect 
pulmonary hilum on left side; the relative positions of the pulmonary veins, the 
pulmonary artery, and the left main bronchus are shown. 


a 


pulmonary artery is provided in Fig. 7. In this sketch the middle lobe 
is shown to be deflected anteromedially so that the entire course of the 
artery and all its branches may be depicted. The first branch of the 
right pulmonary artery is that to the upper lobe (Figs. 3, 4, and 7) and 
this in turn divides into two or more channels of considerable size be- 
‘ore disappearing into the lobe. The next branch of the right pul- 
monary artery is the division to the middle lobe (Fig. 7), and this may 
be double (Fig. 8) rather than the more common finding of a single 
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vessel. The first branch arising below the level of the middle lobe artery 
is that to the superior division of the lower lobe (Figs. 7 and 8) ; there- 
after, the artery continues into the lobe to supply the remaining seg- 
ments. Just as in the case of the bronchus, the arterial division to the 
lower lobe may arise at or near the level of origin of the middle lobe 
artery (Fig. 8), a fact which must be borne in mind. It is worth while 
to note that the arterial pattern at this point usually indicates the 
bronchial pattern to be encountered. 


Lingula 


Fig. 6.—Diagrammatic illustration left pulmonary hilum, anterior aspect; relation- 
ships of major structures defined. U.L., upper lobe; L.L., lower lobe; Ao., aorta; 
Pad pulmonary artery; P.V., pulmonary veins; Br., lower lobe bronchus; P.L., 
— pulmonary ligament; D., diaphragm; Ph.N., left phrenic nerve; and H., 
neart. 


Fig. 7.—Diagrammatic illustration of the distribution of the right pulmonary 
artery ; middle lobe has been retracted anteromedially and there is a single arterial 
division to the middle lobe in this instance. Br., right main bronchus; U.L., upper 
lobe; M.L., middle lobe; L.L., lower lobe; P.A., right pulmonary artery; P.L., inferior 
pulmonary ligament; D., diaphragm; H., heart. The veins have not been included so 
that clarity may be increased. 
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The most common anomaly encountered in the study of the right 
pulmonary artery has been the presence of a branch to the upper lobe 
which arises at or below the level of the artery to the superior division 
of the lower lobe, but this branch is usually small and its ligation is of 
no consequence. 
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Fig. 8.—Diagrammatic illustration of distribution of right pulmonary artery ex- 
cluding branch to upper lobe; the chief interest lies in the double supply to the 
middle lobe, which was found in about 25 per cent of dissections. 


While the portion of the right pulmonary artery which is of impor- 
tance in pulmonary resection remains anterior to or anterolateral to the 
bronchi, the left pulmonary artery does not do so. This radical differ- 
ence between the two arteries is of great surgical importance, as will be 
shown. 

The left pulmonary artery at first lies anterior to the left main 
bronchus, but soon ascends over the superior surface of the main 
bronchus to pass around and behind the left upper lobe bronchus (Fig. 
9), thereby entering the interlobar fissure, where it remains. As the 
artery passes around and behind the upper lobe bronchus it gives off 
several short ramifications (Figs. 9 and 10) which supply the major 
portion of the upper lobe. These short branches begin as soon as the 
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Fig. 9.—Diagrammatic illustration of distribution of left pulmonary artery as seen 
from the anterior aspect. Note how artery ascends over main bronchus to disappear 
around and behind upper lobe bronchus; the first arterial branch to the upper lobe 
has been divided and the veins have been eliminated for clarity. U.L., upper lobe; 
L.L., lower lobe; Ao., aorta; P.A., pulmonary artery; S.V.C., superior vena Cava; 
P.V., auricular end of severed superior pulmonary vein; Br., left main bronchus; 
L.A., left auricle; P.L., inferior pulmonary ligament; and H., heart. 


Fig. 10.—Diagrammatic illustration of pattern of left pulmonary artery as seen in 
the interlobar fissure. Note the several short branches to the upper lobe as the 
pulmonary artery passes around and behind upper lobe bronchus; the arterial branch 
to the superior division of the left lower lobe arises at a level above the point of 
origin of the artery to the lingula in this specimen. Ao., aorta; U.L., upper lobe; 
L.L., lower lobe; L.Br., branch bronchus to superior division left lower lobe; P.A., 
left pulmonary artery; and P.L., inferior pulmonary ligament. 
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artery approaches the upper lobe and they vary from four to seven in 
number. In resecting the left upper lobe by individual ligation or 
intrahilar dissection, each of these short vessels must be dissected, 
ligated, and divided separately and the main trunk of the artery must 
not be obstructed in order that the lower lobe will survive. Although 
we have not had the opportunity to attempt resection of the left upper 
lobe by this method, we are convinced that it will prove to be hazardous, 
if not technically impossible, in most instances. 
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Fig. 11.—Diagrammatic illustration of distribution of left pulmonary artery as it 
lies deep in the left interlobar fissure; in_ this specimen the arterial supply to the 
superior division of the lower lobe is double and the point of origin is opposite that 
of the arterial branch to the lingula. 

The remainder of the left pulmonary artery courses inferiorly and 
anteriorly deep into the interlobar fissure and gives rise to the branch 
to the superior division of the lower lobe and the branch to the lingula 
of the left upper lobe before entering the lower lobe to divide into its 
numerous terminal branches (Figs. 10 and 11). As can be seen in Figs. 
10 and 11, the branch to the superior division of the left lower lobe may 





28 THE JOURNAL OF THORACIC SURGERY 


arise opposite (Fig. 11) or above (Fig. 10) the level of origin of the 
branch to the lingula. These latter observations are of great importance 
in resection of the lower lobe, for each of these two main branches to the 
lobe must be disposed of separately so that the branch to the lingula 
may be preserved. The branch of the left pulmonary artery which sup- 
plies the lingula (Figs. 10 and 11) is important in resection of that por- 
tion of the upper lobe. 


SUMMARY OF RELATIONSHIPS OF THE STRUCTURES OF THE 
PULMONARY LOBES 


In the case of the right upper lobe the vein is anterior, the artery im- 
mediately posterior and slightly above the vein, and the bronchus is 
posterior and somewhat superior to the artery. 

The vein to the middle lobe is anterior, the bronchus posterior to the 
vein, and the artery posterior to the bronchus. 

While the inferior pulmonary vein is best approached from the 
anterior aspect, it actually enters the lobe posterior to the bronchus. 
The artery is found in the interlobar fissure just lateral and anterior to 
the bronchus. 

In the case of the left upper lobe, the vein is anterior as on the right 
side, but the artery, while at first lying anterior to the main bronchus, 
soon passes behind and around the upper lobe bronchus to reach the 
interlobar fissure and numerous short branches spring from the main 
trunk as it pursues this route. 

The relationships of the components of the left lower lobe root are 
similar to those on the right side. The vein, although best attacked from 
the anterior aspect, actually enters the lobe just posterior to the bron- 
chus and the artery is found in the interlobar fissure close to and inti- 
mately associated with the anterolateral aspect of the bronchus. 

The bronchial arteries require comment, although they are not of 
great surgical importance. They arise in several different manners, in- 
eluding: by a common trunk from the aorta, separate aortic origins, 
and origin from the first intercostal artery. While they are said to be 
found overlying the membranous posterior wall of the main bronchus, 
our observations indicate that there is great variation in their relation- 
ship to the main bronchus and to the branch bronchi. They are small 
vessels and an attempt to identify and ligate them is unwarranted since 
they may be easily dealt with in the usual fashion when cut. 

We believe that a truly complete fissure does not exist in the human 
being,’ not, at least, in the sense that it does in the dog. There is always 
some degree of confluence of tissues of adjacent lobes in the immediate 
vieinity of the bronchial axis and, for statistical purposes, we consider 
those fissures showing no more than a slight degree of such union to be 
complete. The fissure between the right middle and upper lobes has been 
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found to be absent in 21 per cent of the specimens and incomplete in 67 
per cent. We found no instances of absence of fissures between the upper 
and lower lobes, although incompleteness was observed in about 30 per 
cent of the specimens on each side. This incompleteness is most marked 
between the superior division of the lower lobe and the adjacent inferior 
surface of the upper lobe. It is quite rare to find an incomplete fissure 
between the right middle and lower lobes (12.5 per cent) 

Marked variations from what we conceive to be the normal anatomy 
have not been seen in our work. We have mentioned some of the minor 
differences in vascular pattern which we have encountered. MacCready’ 
has reported two instances in which he found the left superior pulmo- 
nary vein entering the left innominate vein and one cadaver in which 
the right superior pulmonary vein entered directly into the superior 
vena cava. 

Another source of minor anatomic anomalies has to do with the 
presence of marked or complete fissures where one does not expect to 
find them. This applies chiefly to an abnormally discrete delineation of 
the lingula or of the superior divisions of the lower lobe. We have seen 
only one instance when this state produced a striking abnormality and 
in that specimen a very large superior division of the left lower lobe was 
completely delineated by fissures, was supplied by a large bronchus, and 
generally appeared as a third left pulmonary lobe. Nevertheless, we 
have been impressed with the high degree of uniformity of anatomic 
pattern found in these studies. 


COMMENT 


Anatomic studies and clinical experiences’ * have indicated that 
pulmonary resection by the individual ligation technique may be ap- 
plied successfully in total or partial removal of the lower lobes, in ex- 
cision of the lingula of the left upper lobe, and in right middle lobe 
lobectomy. The anatomy of the right upper lobe indicates that this 
lobe may be similarly dealt with when resection is to be performed and 
in at least one instance® this has been performed. 

Studies of the anatomy of the left upper lobe have led us to conclude 
that, except under unusually favorable circumstances, the individual 
ligation technique for resection will be hazardous or impossible. It is 
to be borne in mind that the relationships of the left pulmonary artery 
are such that it may be occluded during left upper lobe resection by any 
method. 


Resection of the right lower and middle lobes is often required in the 
surgical treatment of bronchiectasis. We believe that, if the fissures can 
be established, these two lobes may be removed together by the individ- 
ual ligation technique. This can be accomplished by dealing with the 
following structures: the right inferior pulmonary vein, the branch of 
the superior pulmonary vein arising in the middle lobe, the right 
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pulmonary artery just above its branch to the middle lobe, and the 
right bronchus at a point slightly above the level of the middle lobe 
bronchus. 
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CARDIAC ARRHYTHMIAS AND OTHER ELECTROCARDIO- 
GRAPHIC CHANGES DURING EXPERIMENTAL 
PNEUMONECTOMY 


Henry L. Casirr, M.D., Mark D. AurscHuLe, M.D. (BY INVITATION), 
AND NORMAN ZAMCHECK, A.B. (BY INVITATION ) 
Boston, Mass. 


.. death without apparent cause occasionally occurs in man 
during the course of operations on the lungs. Since such an event 
suggests the onset of some form of abnormal cardiae function, it was 
considered desirable to study the effect of pneumonectomy on cardiac 
action. 
MATERIAL AND METHODS 

Eleven dogs ranging in weight from 14 to 55 pounds were used. Anesthesia 
was induced by the intravenous injection of a 6 per cent solution of pentobarbital 
sodium in doses of 0.2 ¢.c. per pound of body weight. Artificial respiration through 
a tracheal cannula was maintained during the operation. Electrocardiograms were 
taken with needle electrodes before and at frequent intervals during pneumonectomy. 
The second lead was employed throughout. 


RESULTS 


In eight of eleven experiments, manipulation of the main branch of 
the pulmonary artery at the hilus or its lobar subdivisions immediately 
caused changes in the T waves. In four of the experiments manipula- 
tion of a pulmonary vein also caused changes in the T wave. In most 
cases the T wave became inverted (Fig. 1, a@ and b), but when the T 
wave was inverted initially, it became upright following manipulation 
(Fig. 1, c and d). In three instances ligation of a lobar, or of a larger 
pulmonary vein, resulted in the appearance of a split P wave (Fig. 
Le). 

During the course of five operations, cardiae arrhythmias occurred as 
the hilus of the lung was divided. In three experiments frequent auriec- 
ular premature beats occurred; in one of these experiments, a shift of 
the pacemaker was apparent (Fig. 2, 4). In two other experiments 
more serious arrhythmias were noted, namely, numerous ventricular 
extrasystoles arising from different foci and almost entirely replacing 
the normal beats over a period of thirty seconds (Fig. 2, B) and very 
marked sinus bradyeardia with oceasional auricular premature beats 
(Fig. 2, C) ; in both instances the changes were transitory. 

From the Medical Research Laboratories and the Thoracic Clinic, Beth Israel Hos- 
pital, the Department of Medicine, Harvard Medical School, and the Department of 
Surgery, Tufts Medical School. 


This study was aided by a grant from the Charlton Fund. 


Read (by titie) before the Twenty-Fourth Annual Meeting of the American As- 
sociation for Thoracic Surgery at Toronto, Canada, June 9, 10, and 11, 1941. 
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DISCUSSION 


Electrocardiographie changes occurred during pneumonectomy in all 
dogs used in this study. In most instances the changes were limited to 
the T waves and were similar to those described by other authors as 
oceurring following trauma to pulmonary blood vessels.‘ Although 
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Scherf and Schoénbrunner’ have suggested that such changes are indica- 
tive of spasm of the coronary arteries, conclusive data in this regard are 
lacking. Nevertheless, the changes in T wave are important in that they 
prove that manipulation of the hilar vessels influences cardiac action. 
It is unlikely that these changes were due to generalized anoxemia in 
the present study; they occurred only as the pulmonary blood vessels 
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were being manipulated. The lung to which these vessels were attached 
was collapsed early in the operation and the subsequent interference 
with its blood supply could not induce generalized anoxemia. It ap- 
pears, therefore, that the electrocardiographic changes observed were 
reflex in origin, as has been suggested by other workers.** It should be 
noted that in addition to electrocardiographic changes, other abnormali- 
ties of cardiovascular function have been shown to be induced by 
reflexes originating in the lungs.* ® 
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Fig. 2. 


In the present small series of experiments, five instances of transient 
cardiac arrhythmia occurred. These included one case of marked cardiac 
slowing and one of numerous ventricular extrasystoles arising from dif- 
ferent foci, almost entirely replacing the normal beats; the latter is con- 
sidered a precursor of ventricular fibrillation. A number of au- 
thors* * 7° 71 have described auricular flutter or fibrillation, ventricular 
tachyeardia or fibrillation, and various degrees of heart block after 
clamping the main pulmonary artery or during fatal pulmonary em- 
bolism in animals. The occurrence of these arrhythmias as a result of 
these drastic procedures is of interest, but is probably not significant in 
regard to the problem of sudden death during operations on the lung in 
man. The disturbance of cardiac dynamics resulting from complete or 
almost complete obstruction to the outflow of blood from the right ven- 
tricle occurring during the studies described by these workers*® * 1° ™ is 
much more marked than that occurring during lobeciomy or pneumo- 
nectomy. 

The results of the present experiments suggest that operations on the 
lung in man may influence cardiac action, probably through reflexes 
originating in the hilus of the lung. The observation that numerous 
ventricular extrasystoles arising from many different foci and marked 
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bradycardia sometimes occur during experimental pneumonectomy, sug- 
gests that the sudden deaths occasionally occurring in man during 
operations on the lung may result from ventricular fibrillation or 
eardiae standstill. 


SUMMARY AND CONCLUSIONS 


1. Electrocardiographie studies were made in eleven dogs in which 
pheumonectomy was performed under pentobarbital anesthesia. These 
experiments were performed in order to gain information relative to the 
problem of sudden death during operations on the lung in man. 

2. Changes in the T wave of the electrocardiogram occurred in eight 
experiments. Thesé changes occurred during manipulation of a large 
branch of the pulmonary artery and, with lesser frequency, during 
manipulation of a large pulmonary vein. 

3. In five instances transient cardiae arrhythmias occurred. Two of 
these arrhythmias, namely, numerous ventricular extrasystoles arising 
from many different foci and very marked bradyeardia, might have 
proved fatal if more prolonged. 

4. The changes in electrocardiogram observed are interpreted as prob- 
ably due to the action of reflexes originating as a result of trauma to the 
hilus of the lung. 
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BRONCHOGRAPHY 
THE Use or A Mopiriep INTRANASAL METHOD AND A MOVABLE TABLE. 


B. A. Dormer, M.D., D.P.H., T.D.D., J. FrrepLANper, M.B., 
Cu.B., D.P.H., ANp M. Gipson, Gran. I.E.E. 
DurBAN, UNION or SouTH AFRICA 


RONCHOGRAPHY (or pneumonography), which is the study of 
x-ray pictures of the chest after the introduction of contrast media 
into the tracheobronchial tree, was first begun by Chevalier Jackson® in 
1918 by means of the bronchoscope. He instilled dry bismuth subear- 
bonate powder into the tracheobronchial tree as an aid to x-ray diag- 
nosis of the chest. Since then various radiopaque oils, prominent among 
which is the French preparation lipiodol,' have been used for the same 
purpose. Forestier™ in 1922 showed the first bronchial pictures made 
after lipiodol injection. Bronchography has, since its introduction, 
greatly inereased our knowledge of bronchopulmonary lesions. 
Various methods for instilling the radiopaque oil into the bronchi 
have been evolved, and the following are the methods in use: 


(a) Laryngeal method or supraglottie injection. 

(b) Transglottic method (true intratracheal method). 
(ec) Subglottie (or transcutaneous) method. 

(d) Intrabronchial method (bronchoscopy ). 

(e) Nasal method. 


(a) The Laryngeal Method (or Supraglottic Injection).—In this method the oil 
is dropped into the vestibule of the larynx by means of a short cannula bent at 
an angle; the patient is seated, and his tongue is drawn out of his mouth as far 
as possible. The cannula, attached to the syringe filled with lipiodol, is carried 
back to the epiglottis. The patient is told to breathe deeply, and with each 
inhalation the oil is injected drop by drop. The velum and the base of the epi- 
glottis are sometimes anesthetized, and the oil is injected under guidance of the 
laryngeal mirror. The oil will then gravitate into the bronchial tree. The dis- 
advantages of this method are that very often some of the oil passes into the 
stomach and, as patients are in the sitting position, only the bronchi at the lung 
bases can be delineated.* 

(b) Transglottic (or True Intratracheal) Route.—This method, first devised by 
Forestier and Leroux, consists of dropping lipiodol directly into the trachea by 
means of a long cannula introduced between the vocal cords. After the velum, 
the epiglottis and the laryngeal cavity are anesthetized, the specially curved 
cannula (e.g., Rosenthal’s cannula) is passed between the cords with the aid of 
a laryngeal mirror. The patient breathes quietly, and the oil is slowly injected 


From the King George V Jubilee Hospital for Tuberculosis, Durban. 

Received for publication, July 7, 1941. 

*By quickly changing the patient to a ‘‘head-down’”’ position lying on the side to 
be studied, we have found it possible to visualize even the upper lobe bronchus in 
many hundreds of cases by this simple method which was first described by J. J. 
Singer. Editor. 





36 THE JOURNAL OF THORACIC SURGERY 


into the trachea. This method has the distinct advantage in that the operator 
knows the oil is passing into the trachea. On the other hand, a certain amount 
of skill is required in passing the cannula between the vocal cords. 

(¢) Subglottic Method (Transcutaneous or Cricothyroid Method).—In this method 
a needle is passed directly into the lumen of the trachea through the cricothyroid 
membrane. The patient is placed on a couch in the x-ray room with the shoulders 
somewhat elevated and a sandbag behind the neck so as to keep the neck well 
extended. The overlying skin having been anesthetized, a firm needle is passed 
at right angles through the cricothyroid membrane, and 5 per cent cocaine solu- 
tion is quickly injected into the trachea; otherwise the patient may cough before 
the needle is withdrawn. The special lipiodol needle is then inserted through 
the cricothyroid membrane and the lipiodol is slowly injected. The patient is 
then turned into whichever position it is considered necessary for the oil to 
gravitate. 

This method has very definite disadvantages. Patients as a rule dislike the 
idea of needles being inserted into the trachea. False passages may occur; the 
needle may be ejected from the lumen of the trachea during a fit of coughing 
and the lipiodol may be injected into the pretracheal space and trickle down 
into the mediastinum. Subcutaneous emphysema may occur, and the needle 
track may become infected. 


—~ 





Fig. 1.—The table used for bronchography. 


(d) Intrabronchial Route (Bronchoscopic Method).—This method was first em- 
ployed by D. H. Ballon, of Montreal, Canada. He used the bronchoscope to 
inject lipiodol directly into the primary bronchi and even into pathologic lung 
cavities. The technique is that used in ordinary bronchoscopy. In skilled hands 
this method is valuable, as it permits of preliminary aspiration of the secretions 
and the injection of the particular area to be studied. For this method the 
operator must be a skilled bronchoscopist and the patient must be in a fairly 
good condition to stand the procedure of bronchoscopy. 

(e) Nasal Method.The patient sits upright, and one side of the nose is sprayed 
with cocaine solution. Either side of the nose may be used provided there is no 
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obstruction from a deflected septum. The throat is then anesthetized by means 
of a de Vilbiss spray. After five to ten minutes, a gum elastic catheter is 
introduced into the nose until it reaches the posterior pharyngeal wall, when it 
will turn downward. The head of the patient is now bent slightly forward. The 
patient is told to breathe regularly and deeply, and the catheter is gently pushed 
on during inspiration, when it will be found to glide quite easily into the laryrix. 
It may now be pushed down the trachea. Usually the patient coughs slightly as the 
catheter passes into the larynx. The larngeal mirror may be used to make certain 
that the catheter is in the larynx. Some cocaine solution is injected via the catheter 
to anesthetize the mucous membrane of the trachea. 

(f) The Modified Intranasal Method.—Ellman’ in 1989 described a method of 
introducing an iodized oil into the tracheobronchial tree through the nose without 
the use of any intranasal catheter. The method in use at the King George V 
Hospital for Tuberculosis, Durban, is largely based on Ellman’s method. 


Fig. 2.—The table with a slight lateral tilt. 


Before lipiodol is injected, the patient is tested for any sensitivity to cocaine 
and iodine. Cocaine (gr. 149) is injected hypodermically, and the pulse is taken 
every fifteen minutes for an hour. If there are no appreciable increase in pulse 
and no complaint of faintness, we assume the patient is not sensitive to cocaine. 
To test any sensitivity to iodine, the patient is given potassium iodide (gr. 5 
to 10) in a mixture of % oz. t.d.s. for three days. If there are no signs of 
‘‘iodism’’ after that period, it is assumed there will be no untoward effects from 
the iodine of the lipiodol. (In patients showing sensitivity to iodine, it is unwise 
to instill lipiodol. In such cases a bromine containing oil [bromipin] may be used 
if there is no sensitiveness to bromides. ) 

Before bronchography is commenced each stage of the procedure is carefully 
explained to the patient in order to gain his confidence and cooperation. 

In the case of young children we have obtained excellent results by giving a 
hypodermic injection of 4. to 1% gr. of omnopon about one-half hour before the 
operation. The child loses all appearances of anxiety and is able to cooperate 
quite easily. 
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The patient is given 144 tablet ‘‘decicain’’ gr. 1144 (syn pantocain) to suck, 
or he is told to gargle with a pleasant-tasting gargle in which % tablet of 
decicain is dissolved. As a result of the anesthetizing effect of this on the 
pharynx and nasopharynx, we find we need use very little cocaine solution. A 2.5 
per cent cocaine hydrochloride solution is used for spraying the larynx and the 
nose. For a couch we use the Brompton Hospital Model Operating Table (Genito- 
Urinary Company), which is capable of being moved into any position required. 

The table is placed in the x-ray room, and a picture of the patient in the 
recumbent position may be taken as soon after the injection of the lipiodol as 
desired. For the actual injection, we use a Roberts lipiodol syringe, a short bit 
of rubber tube, and a nasal olive. The patient’s tongue is held well out, and the 
patient is advised to breathe quietly through the mouth and on no account to 
swallow or cough. The lipiodol, previously warmed, is then slowly injected via 
the nasal olive which is inserted into one nostril while the other is held closed. 
The lipiodol makes a gurgling noise as it trickles down the trachea. As a rule, 
we use only 10 e¢.c. of lipiodol for each lung, though more may quite safely be 
given. 
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Fig. 3.—The intranasal method of introducing lipiodol into the tracheobronchial tree. 


Before the lipiodol is introduced, a plain x-ray picture of the chest is taken 
to localize the lesion in the lung field. 

With the aid of the movable operating table, the patient may be placed in any 
position from an extreme Trendelenburg to a sitting position, and tilted far over 
to the left or over to the right. It is important to visualize the direction and 
anatomical position of the bronchi so that the patient may be placed in the best 
position for allowing the lipiodol to reach the site of the lesion. 


THE PATIENT’S POSITION 


Lesion at Base——The patient is moved up into the Fowler’s position, 
with the head slightly back and the table tilted to the particular side. 
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We find that the sitting position with the torso erect is not too satisfae- 
tory as the oil tends to be held up at the carina and spill over to the op- 
posite side. If it is desired to do both bases together for comparison, we 
prefer to do one base first, then the other at the same sitting by first 
introducing the lipiodol to the one base and then tilting the table and 
introducing the oil into the other. 

Lesion at Mid-zone——tThe patient is placed in a lesser Fowler’s posi- 
tion and somewhat more tilted to the particular side than in the above 
position. 

Lesion at Apex.—To place the oil in the region of the apex, the patient 
is tilted to the extreme position of that side and lies with a slight down- 
ward tilt so as to allow the oil to run as far as the carina. As soon as 
it is judged that the lipiodol has reached the carina (about two to three 
minutes), the patient is turned into the extreme Trendelenburg position, 
but still maintaining the tilt to the particular side. In this way the oil 
may pass along the ascending bronchi to the apex. 


“Uger lobe Bronchi 





Fig. 4.—Diagrammatic representation of tracheobronchial tree. 


After several minutes to allow the lipiodol to reach the terminal 
bronchi, the patient is slowly returned to the horizontal position; an 
X-ray picture is then taken in the recumbent position. For a_ basal 
lesion the roentgenogram is taken with the patient erect; for all other 
lesions roentgenograms are taken with the patient in the horizontal 
position. As a routine we always take a lateral as well as an anteropos- 
terior picture. 

RADIOGRAPHIC CONSIDERATIONS 


The prime factors for a good bronehograph are: (1) high speed, (2) 
high power, and (3) high penetration. (1) Limits all possible move- 
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Fig. 5.—Lipiodol in a lesion at apex. This is the same patient as in Fig. 7. The oil 
was first introduced into the left base (as in Fig. 7) and later (at the same sitting) 
into the right apex. 


Fig. 6.—Lipiodol in a lesion at mid-zone. 





at the left base. 


_ Fig. 8.—Normal bronchogram. Ten cubic centimeters of lipiodol were introduced 
into the one base and, by tilting the table to the opposite side, 10 c.c. were intro- 
duced into the other base. 
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ment; (2) is necessary in view of the short exposure time; and (3) is 
necessary in order to show fine bronchi filled with lipiodol through the 
heart, mediastinum and through the shadow of the diaphragm. The 
apparatus used is a Philips chest plant where a condenser discharge of 
0.03 second is employed with a rotating anode tube. The milliamperage 
may be preset at 250 to 500, and the peak kilovoltage is adjustable 
up to about 85. In the horizontal ray position, the patient stands on 
an electric lift, the tube and easette holder being at a fixed height. 
The tube distance is variable from 110 to 150 em., and it may be wound 
back to the vertical ray position where a distance of about 110 em. is 
used ; this can be changed by raising the table. Screening facilities are 
available on this plant which are exceptionally useful where an oblique 
is required in the upright position. The screening tube is brought in 
front of the rotating anode, and the screen itself is in front of the 
casette holder. 

The reproductions have been made by means of a Contax III Camera 
with a Sonar F/1.5 lens on a panatomie film. The miniature photo- 
graphs are then enlarged up to a convenient size. This method pro- 
duces results superior to the ordinary reducing camera. 


COMMENTS 


The method as described is very simple and safe. It has on oceasion 
been employed by only one operator without assistance. The prelimi- 
nary testing with iodine and cocaine practically precludes the danger 
of any idiosynerasy to these drugs. The actual instillation of the oil 
‘auses no discomfort and does not upset the patient. We have employed 
this method in young children without any difficulty and have on ocea- 
sion used it in very ill patients in whom a diagnosis was essential with- 
out any undue distress. In our series of over 250 cases done by this 
method, we have invariably had good results, and no patient has shown 
any untoward reaction. By using a preliminary injection of omnopon 
in young children, we have obtained good results without the use of 
general anesthesia. 

By means of the movable table (with its shoulder and side supports) 
we are able to place the oil at the site of the lesion after having worked 
out the direction of flow from a knowledge of the anatomy of the tracheo- 
bronchial tree. In view of this, the introduction of the lipiodol under 
the guidance of a fluoroscopic screen becomes unnecessary. 
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ASPIRATION OF THE LOWER AIR PASSAGES FOLLOWING 
ENDOTRACHEAL ANESTHESIA 


CLARENCE E. Birp, M.D. 
PROVIDENCE, R. I. 


— much has been written on the subject of postoperative 
atelectasis and pneumonia, no one until Mcusel (1940),'° appears 
to have focused attention on the importance of emptying the bronchi 
completely at the close of operation. The papers by Faulkner (1930, 
1932),*° Lubin (1933),° Haight (1938), and Beecher (1940),? gave 
this matter insufficient consideration, in my opinion. 

Two years ago, one of my patients died on the third day following an 
esophagectomy for carcinoma (Case 4). While my impression had been 
that death was due to fulminating mediastinitis, the autopsy showed 
simply a purulent bronchitis, accompanied by atelectasis of the left 
lower lobe and patchy lower lobe pneumonia. Since this unpleasant ex- 
perience, our anesthetists and I have been very much on the alert to 
keep the pharynx and large air channels as free of secretion as possible 
at all times. Also, we have learned to be especially sure that the trachea 
and large bronchi are clean and dry before the patient leaves the operat- 
ing room. 


RATIONALE OF BRONCHOSCOPIC ASPIRATION (UNDER DIRECT VISION ) 
IMMEDIATELY FOLLOWING OPERATION 


Ordinarily, during an operation, unless mucus, pus, or blood is passed 
into the bronchial tree in excessive amounts, it may be removed fairly 
satisfactorily by means of a catheter passed through the endotracheal 
tube. However, at the close of operation, immediately after such a 
blind aspiration and before dressings are applied, if one listens to the 
lungs with a stethoscope, he will often hear bizarre, coarse rales over 
various portions of the bronchial tree. If he removes the endotracheal 
tube, taking care to aspirate below the tube as it is withdrawn, chen 
listens again, he will usually still hear some of these rales, arising from 
fluid in the large bronchi. If, now, a bronchoscope is introduced, exu- 
date is always found, usually in small amounts distributed irregularly 
along the sides of the trachea and large bronchi and in the orifices of 
some of the secondary bronchi. After removing this bubbling fluid, on 
auscultation, the lungs will be found entirely clear. 

I believe that the removal of this residual, even though small, is of 
the greatest importance. If it remains, it may cause localized bronchial 


Read (by title) before the Twenty-Fourth Annual Meeting of the American As- 
sociation for Thoracic Surgery at Toronto, Canada, June 9, 10, and 11, 1941. 
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obstruction and an exhausting, ineffective cough. This cough, the dan- 
gers of which have been emphasized by Brown and Archibald,* and 
Beecher,’ is ineffective for obvious reasons, such as pain, narcosis, weak- 
ness, inefficient posture, decreased vital capacity, and paradoxical move- 
ments of the chest wall, diaphragm, heart, and great vessels. If the 
secretion which the patient is attempting reflexly to expel is heavy and 
tenacious, it may, fortunately, come up. If it is thinner and more 
widely distributed, it is more likely to descend deep into the bronchial 
tree, and may even fill alveoli with pus. Material which might easily 
have been removed by the bronchoscope before the recovery of the cough 
reflex, thus may do incalculable harm by being allowed to remain. 

Those who read the case reports will note that in two instances of 
total pneumonectomy (Cases 7 and 19), I found, on inspection immedi- 
ately after operation, that secretion filled the stump of the main bron- 
ehus (Fig. 1). At later bronchoscopic examinations on these patients, 
this dead space was always found to contain mucus or pus. In both 





Fig. 1.—Diagram to show the puddling of secretions in the stump of the main 
bronchus following a pneumonectomy; this infected material should be removed under 
direct vision immediately after operation, and sometimes repeatedly during the early 
postoperative course. 


patients, whenever they were turned on the side of the sound lung 
during early convalescence, a fit of coughing would occur, presumably 
because some of the material spilled over by gravity, as described by 
Faulkner,‘ into the air stream of the opposite main bronchus. This col- 
lection in the stump of the bronchus should be removed whenever it ac- 
cumulates, but especially should it be aspirated immediately postopera- 
tively, before changes in the position of the patient are made. 


Everyone agrees that at the end of an operation the lobes should be 


re-expanded or left in such a state that they will inflate.* If secretion 


is puddled in a lobar orifice, adjacent to the stump of a lobe which has 


*To effect the re-expansion of a lobe’ under direct vision before closure of the 
thorax, carefully controlled positive pressure might conceivably be applied directly to 
a lobar orifice through a bronchoscope. It takes several times as much positive pres- 
sure to re-expand a lobe as to keep it expanded. In other words, it might be prefera- 
ble to apply directly to the main bronchial orifice the minimal pressure necessary to 
expand the lobe rather than to subject all lobes, unilaterally and bilaterally, to an 
equal pressure. 
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been removed, the tributary segment of lung may remain airless in spite 
of hyperventilation* and negative pressure applied in the pleural cavity. 
It is impossible to be sure that the bronchi leading to atelectatic areas 
are free of secretion unless they are observed directly, and it is my im- 
pression that aspiration immediately postoperatively offers the best 
insurance against the cOmmon failure of lobes to re-expand promptly. 
Furthermore, unless the bronchi are known to be clear, neither the ex- 
pansion of lobes by positive or negative pressure nor the use of hyper- 
ventilation seems safe to me, since it appears probable that the deepen- 
ing of respiratory excursions at times when the bronchi contain secre- 
tions has resulted sometimes in atelectasis and pneumonia, due to a 
firmer and deeper fixation of secretions in the main air channels or even 
in the alveoli. 

Under endotracheal anesthesia, if a high partial pressure of oxygen is 
maintained, the tissues may remain quite well oxygenated even though 
only a small amount of lung is functioning. Lobes and parts of lobes 
may be atelectatic. The sudden withdrawal of such a mixture should, 
of course, always be avoided because this is particularly hazardous and 
may even prove fatal if it occurs when the lungs are nearly collapsed. 
Direct examination of the bronchial tree, followed by hyperventilation, 
using a gradually decreasing proportion of oxygen and substituting 
room air, obviates this danger by insuring the re-expansion of at least 
a large part of the remaining pulmonary tissue. 

To summarize, and amplify, the advantages of immediate postopera- 
tive bronchoscopic aspiration, completed before the recovery of the 
cough reflex, are as follows: 

1. The procedure prevents the sucking or driving, by hyperventila- 
tion or ineffective cough, of foreign material into lobes and lobules. 

2. It favors the re-expansion of collapsed segments of lung, when 
positive pressure is applied by mask and negative pressure is exerted 
within the pleural space. 

3. It allows patients to lie flat and on the side, instead of in the 
Trendelenburg position (Gray®), in this way conserving vital capacity. 

4. It minimizes exhausting coughing, thus lessening circulatory strain 
and allowing the patient more complete rest. 

The possible disadvantages are that: 

1. On rare occasions the anesthesia might have to be deepened in 
order to carry out bronchoscopy. 


2. In inept hands, bronchoscopy may be damaging in itself. 


Up to the present time we have not been obliged to deepen the anes- 
thesia in order to perform a satisfactory bronchoscopic aspiration. 


*Hyperventilation should be carried out with carbon dioxide which is mixed with 
air, nitrogen, helium or another gas which is not readily absorbed into the blood 
stream, never with oxygen or cyclopropane which are readily absorbed and might 
tend to favor or maintain atelectasis. 
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These aspirations are carried out by the bronchoscopists of the hospital, 
the anesthetists, or the surgeons, who are trained to do this easily, 
rapidly, and without trauma to the larynx, trachea, or bronchial mucosa. 
I have seen upper incisor teeth loosened on two or three occasions, but 
otherwise there has been no damage. I do not think that skillfully per- 
formed bronchoscopy, done with the aid of a laryngoscope and with the 


head held properly, harms the patient significantly. 
PROCEDURE 


Our procedure in thoracic operations is as follows: In the wet cases, effective 
postural drainage is carried out two hours before the anesthetic is given, as 
recommended by Haight,7 Beecher,!,2 and others. In all except very dry cases, 
brenchoseopie aspiration is done under local anesthesia immediately before the 
introduction of the endotracheal tube. During the operation, aspiration is repeated 


Fig. 2,—Extensive bronchopneumonia in the right lung, five days after a left total 
pneumonectomy (Case 7); two days later, a tracheotomy tube was introduced to 
tur ne the frequent aspiration of large amounts of mucopus from the right bron- 
chial tree. 


often, using a catheter with an open end and one side hole near the end. (This 
satheter should not be too soft, so that its direction can be controlled somewhat, 
and it must be long enough to reach the lowermost branches of the main bronchi. 
The suction must be efficient and dependable.) At the end of the operation, the 
pharynx is sucked out and the trachea and bronchi are aspirated through the endo- 
tracheal tube. With the catheter still in place, this tube is withdrawn, bringing 
the suction tip slowly along the trachea, larynx, and pharynx behind it. A broncho- 
scope is then introduced through a laryngoscope and every portion of the bronchial 
tree and the trachea and larynx made perfectly clean and dry under direct vision. 
When it is certain that there is no mucus or pus in the large bronchi, hyperventila- 
tion under moderate positive pressure is applied as effectively as possible by mask 
and at the same time controlled negative pressure is exerted in the pleural cavity, 
expanding all lobes with air to the desired degree. 
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Bronchoscopic aspiration at the close of operation dues not, of course, prevent 
all subsequent respiratory difficulties, but in every case it gives the patient the best 
possible chance of avoiding them, the best possible ‘‘send-off,’’? so to speak. Our 
practice is to use nasal oxygen instead of a tent, in order that frequent and com- 
plete changes of position can be carried out (patient on back, on left side, on right 


Fig. 3 (Case 7).—Improvement following six days of bronchial aspirations by way of 
the tracheotomy tube. 


Fig. 4.—Equipment for aspirating the bronchial tree through a tracheotomy tube, 
using a sterile technique. 


side, then almost over on the abdomen with the foot of the bed slightly elevated). 
We aspirate the pharynx frequently. We are continually on the alert for reac- 
cumulation of moisture, and if the patient does not quickly and completely empty 
the bronchial tree by coughing, we do not hesitate to do a bronchoscopic examina- 
tion in the patient’s room. This is done simply and rapidly, but with no neglect of 
essentials, such as adequate assistance, well-cared-for sterile instruments, and 
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efficient suction. If the bedstead is in the way, the mattress is swung part way 
around on top of a bedside table. When the patient is pulled out over the end of 
the mattress, he is in good position for bronchoscopy. Larocaine anesthesia may be 
used, or none at all. We have not used transnasal aspiration, as described by 
Haight,? because all necessary equipment has been available and we consider that 
bronchoscopic aspiration is more certain and thorough. 

Jackson and Jackson8 have said that ‘‘ pneumonia after tracheotomy is one of the 
curiosities of medicine.’’ Similarly, it has been my experience following laryngectomies 
(Cases 1, 8, 12, and 22), that although repeated aspirations through the tube are neces- 
sary, pulmonary complications rarely occur. Tracheotomy seemed life-saving in one girl 
(Case 7) in whom the right lung became extensively involved in a bronchopneumonie 
process (Fig. 2), a few days following the removal of the left lung for bron- 
chiectasis. The patient was too weak to cough effectively and large amounts of 
thick, purulent material were aspirated by catheter from the bronchi over a period 
of two weeks before the tracheotomy tube could be safely removed (Fig. 3). No 
doubt sulfathiazole contributed also to her recovery. 

The sterile setup for aspirating through a tracheotomic cannula is shown in Fig. 
4. <A freshly-boiled catheter is used, even if aspiration is necessary as often as 
every fifteen minutes. The catheters are boiled on an electric plate in the room 
and two of them, with glass connectors attached, are kept on a. sterile sheet with a 
basin of saline solution and two Kelly clamps alongside. It is necessary for an as- 
sistant to support the heavy-walled, noncollapsible suction tubing from above so that 
the catheter may be manipulated freely. By using care, the procedure introduces 
no extraneous organisms, since the catheter is handled entirely by the two sterile 
Kellys. 


DISCUSSION 


The anesthetists with whom I have been associated have preferred the 
Waters endotracheal tube with the cuff inflated. I think I should be as 
well, or better, satisfied with an endotracheal tube which fits loosely, 
combined with a snug face mask, as recommended by Beecher.’ ? How- 
ever, the head-down position (incline of 20 degrees, patient on side), 
used by him, lessens the capacity of the lungs on the ‘‘down’’ side and 
somewhat diminishes the space in which to work on the ‘‘up”’ side. This 
is due to the weight of the abdominal organs, elevating, as they do, both 
leaves of the diaphragm. In the wetter cases, it is my impression that 
this gravity drainage, during operation, is of distinct advantage. How- 
ever, small amounts of secretion are not much affected by gravity and at 
the close of the procedure they adhere to the bronchi or alongside the 
trachea. Therefore, no matter which technique is used, I believe that in 
cases in which there has been even a minimal amount of secretion in 
the airways, a bronchoscopic aspiration should be done immediately 
after operation, before the patient recovers the cough reflex. 


se 


If, in thoracic and abdominal eases, a mask is used without an endo- 
tracheal tube, pharyngeal contents usually enter the bronchial tree, as 
shown by Myerson™ twenty years ago, and, of course, in many thoracic 
operations secretions enter from the diseased lung. Therefore, it seems 
evident that bronchoscopic aspiration should also be carried out im- 
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mediately after operation whenever the mask technique without an 
endotracheal tube is used. 

I think, too, that the bronchoscope should be utilized immediately 
after operation following many procedures on parts of the body other 
than the thorax, whenever the stethoscope shows at the close of opera- 
tion that there is moisture in the tracheobronchial system. This is 
especially the case in those individuals who for one reason or another 
are most liable to postoperative pulmonary complications. Included are 
patients who are short and thick-set, the old and the very young, the 
ones who have had particularly long operations or difficult anesthesias, 
and those who may, under some circumstances, have inhaled blood or 
pus, pieces of tissue, or other foreign material. The point applies par- 
ticularly to patients who have had upper abdominal operations, whose 
diaphragms or muscles of respiration are weak or paralyzed, or who for 
any reason are not likely to be able to cough or respire freely.* 

The cases on which the above impressions are based are reported at 
the end of the article. The thoracic cases are personal and consecutive, 
dating from Jan. 1, 1939. Only a few particularly interesting laryngec- 
tomy and abdominal eases are included. There have been no deaths in 
any of my personal abdominal cases in which endotracheal anesthesia 
has been used. 

SUMMARY 


At the end of long and difficult operations, especially those on the 


thorax, the region of the diaphragm, and the upper abdomen, there is 
always some secretion in the bronchial tree which should be removed. 
This can be accomplished with certainty only by aspiration under direct 
vision through a bronchoscope. 


The advantages of such an aspiration, when carried out while the pa- 
tient is still anesthetized and before the recovery of the cough reflex, are 
as follows: (1) the procedure prevents the descent of exudate into 
lobes and lobules; (2) it favors the re-expansion of collapsed lobes when 
differential pressures are applied; (3) it allows patients to lie hori- 
zontally instead of in the head-down position, in this way conserving 
vital capacity during the hazardous early postoperative hours; and, (4) 
it eliminates coughing, thus lessening circulatory strain and allowing 
more complete rest. 

Whenever secretion reappears in the bronchial tree after operation, it 
should be removed. Unless it is coughed up quickly and completely, 
bronchosecopie aspiration should be carried out in the patient’s room. 

In a few eases, if secretions reaccumulate rapidly, tracheotomy is 
indicated in order that aspirations may be repeated at short intervals 
with little disturbance. 


*It should be mentioned that in all patients, whether or not bronchoscopic aspira- 
tion is done, it is most important to empty the pharynx by suction immediately after 
operation. 
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Reports are presented of the cases which form the basis for the views 
expressed. 
CASE REPORTS 


CASE 1.—A woman, aged 60 years, had extensive epidermoid carcinoma of the 
hypopharynx, larynx, and upper esophagus, grade 1. ‘ 

March 5, 1939, a Witzel gastrostomy was done and on March 10, 1939, a 
pharyngo-laryngo-esophagectomy. The anesthesia was endotracheal insufflation with 
ether. Care was taken not to allow blood from the field of operation to enter the 
bronchial tree. Postoperatively, the trachea was kept clean by frequent aspirations 
through the tracheotomy tube. Several crusts of coagulated blood were removed 
from the trachea with the aid of a bronchoscope on the third postoperative day. 
The temperature, pulse, and respiratory rates remained normal after the sixth day. 

Obstruction of the trachea was caused by a recurrence of the growth, resulting in 
death eight months postoperatively. 


CASE 2.—A male, aged 65 years, had epidermoid carcinoma of the mid-esophagus. 
On March 13, 1939, a Witzel gastrostomy was performed; March 18, a tooth extrac- 
tion; March 19, pneumothorax, left; March 21, sectioning of fourth to seventh inter- 
costal bundles and ribs, left; and March 29, 1939, esophagectomy (Torek). The 
anesthesia used was basal tribromethanol, endotracheal nitrous oxide and oxygen 
with cuff inflated. The bronchial tree was aspirated blindly by a catheter during, 
and at the close of, the operation. Death occurred on the fourth postoperative day. 
Autopsy showed extensive mediastinal, pleural, and pulmonary infection. 


CASE 3.—A male, aged 62 years, had carcinoma of the upper lobe of the right 
lung. 

July 19, 1939, anterior exploration of right lung was done, biopsy of rib and 
ligation of the right pulmonary artery. The anesthesia was endotracheal cyclopro- 
pane with cuff inflated. During and at the close of operation the bronchial tree was 
aspirated blindly. Postoperatively, there was empyema with atelectasis of the lobes 
on the right. Tracheotomy was resorted to on the eighth postoperative day to 
facilitate the aspiration of mucus and pus which the patient was unable to expec- 
torate, but the clinical course was unfavorable. A limited autopsy, on the eighteenth 
postoperative day, showed carcinoma of the right upper lobe with extensive infiltra- 
tion of the parietal pleura by the tumor. 


Case 4.—A 54-year-old male had epidermoid carcinoma of the mid-esophagus 
with metastases to the adjacent lymph nodes. 

Feb. 6, 1940, he had a Janeway gastrostomy; Feb. 20, pneumothorax, left; Feb. 
23, esophagectomy (Torek). Anesthesia was basal tribromethanol and endotracheal 
cyclopropane with cuff inflated. The tumor was peeled away with difficulty from the 
left main bronchus. The trachea and main air passages were aspirated blindly dur- 
ing, and at the close of, the operation. Postoperatively, there was moderate dyspnea 
followed gradually by the accumulation of secretions in the bronchial tree, with 
cyanosis and exhaustion. Autopsy, on the third postoperative day, showed sero- 
purulent bronchitis, atelectasis of the left lower lobe, and bilateral bronchopneu- 
monia of the lower lobes. There was no mediastinitis or gross infection of the 
pleura. Tumor tissue was not demonstrated in sections from the wall of the left 
main bronchus or elsewhere. 


CasE 5.—A patient, 22 years old, female, had stenosis of the lower esophagus. At 
the age of 3 years, this girl had ‘‘swallowed a shoe button with a hook on it.’’ The 
foreign body was not removed until about one year later. Since that time she had 
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been unable to swallow solid food, and regurgitated and vomited frequently. In- 


numerable dilatations were carried out in several clinics, but without relief. By the 
time of admission she was ‘‘ getting worse and losing strength.’’ Her weight was 
64 pounds. 

April 12, 1940, a ‘‘Finney type’’ esophagogastrostomy was carried out by an 
abdominal approach. The anesthesia was procaine field block and endotracheal 
cyclopropane with cuff inflated. The trachea and bronchi were aspirated blindly at 
the close of operation. On the first postoperative day, rales were heard over the 
trachea and large bronchi. A roentgenogram showed mottled density in both lower 
lobes; however, a bronchoscopic aspiration was not done because the patient cleared 
her lungs quite effectively by change of position and coughing. All vital signs were 
normal after the first forty-eight hours. Following this operation she returned 
home. Although emptying of the esophagus into the stomach was improved, it was 
still unsatisfactory. 

June 1, 1940, the patient returned to the hospital for a Witzel gastrostomy. On 
June 28, esophagogastrostomy by a left transpleural approach was done. The 
anesthesia was endotracheal cyclopropane with cuff inflated. The bronchial tree was 
aspirated blindly several times during the operation, and again at the close. She 
became exhausted late on the afternoon of the first postoperative day; the lips were 
slightly cyanotic, the respiratory rate was 36, and the pulse rate 160. The left lung 
was clear, but the right lung was dull anteriorly, and coarse ronchi were heard over 
the entire right chest anteriorly and posteriorly. The breath sounds were sup- 
pressed over the lower half of the right chest. The heart was apparently in the 
normal position. A portable roentgenogram showed atelectasis of the right lower 
lobe. Bronchoscopic aspiration, performed in the patient’s room, brought large 
plugs of mucopus from the middle and right lower lobe bronchi. Recovery was 
prompt, and the vital signs were normal after the third postoperative day. 

Subsequently, she improved progressively. The esophagus remains dilated. There 
appears to be much chronic inflammatory tissue at the site of the esophagogastros- 
tomy, although a 9 mm. esophagoscope is passed into the stomach without difficulty. 
The patient volunteers that she now lies down flat when in bed, whereas before her 
first operation she had to sit up part way so that she would not regurgitate and 
choke. Her weight, April 15, 1941, was 87 pounds. Her diet is not restricted and 
she has no symptoms. 


CASE 6.—A woman, aged 48 years, was admitted to the hospital with carcinoma 
of the upper stomach with extension into the lower esophagus and diabetes mellitus 
of moderate severity. 

April 22, 1940, a left transpleural esophagogastrectomy was performed, with 
anastomosis of the greater curvature tube to the esophagus. The anesthesia used 
was endotracheal cyclopropane with cuff inflated. The lungs were re-expanded and 
the bronchi aspirated frequently during the operation. A small amount of secretion 
was removed by bronchoscopic aspiration following the removal of the endotracheal 
tube. 

On the morning of the second postoperative day, a moderate collection of mucus 
was removed from the pharynx, trachea, and bronchi by bronchoscope, and sulfanil- 
amide was given. Late the same afternoon the respirations became slow and gasp- 
ing, no breath sounds could be heard over the left lung, and the heart was found 
to be displaced against the left chest wall. There were many coarse tracheal and 
bronchial rales. A portable roentgenogram showed, on the left, only a small amount 
of aerated lung at the apex. A large mass of thick, viscid mucus was aspirated from 
the trachea and bronchial tree with much relief. Hypoglycemia was corrected by 
intravenous dextrose. Thereafter the lungs were fairly clear, except for the left 
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lower lobe which remained atelectatic. Another bronchoscopic aspiration, on the 
ninth postoperative day, brought thick mucus from all orifices of the secondary 
lower lobe bronchi, following which both lungs expanded freely. 

The anastomosis was accomplished in this case by pulling the ligatured esophagus 
through an incision in the upper end of the remaining tube of the stomach. During 
the three months after discharge from the hospital several dilatations were carried 
out. The management of the diabetes became very difficult and finally the patient 
became very weak, was readmitted, and died in three days. Autopsy showed 
metastases to the mediastinal lymph nodes, liver, lung, and thoracie wall; also, 
chronic fibrous pleurisy on the left; chronic localized pericarditis; caleuli of the 
pancreatic duct with obstruction of the duct and marked atrophy of the pancreas; 
acute splenitis; and chronic cystitis with hydro-ureter on the right. Ten centimeters 
of the tube of stomach lay within the thorax. The rugae of the stomach were well 
marked. There were no cancerous areas in the stomach or esophageal wall. The 
scarred ring at the site of the anastomosis was 7 mm. in diameter, and the esophagus 
above this measured 15 mm. 


CASE 7.—A 15-year-old girl showed bronchiectasis throughout the left lung. 

April 26, 1940, the dissection technique was used for a left pneumonectomy. The 
anesthesia was endotracheal cyclopropane with cuff inflated. Blind aspiration of 
the right bronchial tree was carried out frequently during the operation. The left 
main bronchus was sutured flat with silk and allowed to retract into the mediastinal 
tissues. A bronchoscopic aspiration at the close of the operation brought consider- 
able pus from the air channels and from the stump of the left main bronchus. 

April 27, 1940, the first postoperative day (9:15 P.M.), coarse bronchial rales 
were present over the right chest anteriorly. A moderate amount of mucus was 
aspirated through a bronchoscope in the patient’s room. Immediately afterward, 
the lungs were clear to auscultation. 


April 28, 1940, the second postoperative day (11:30 A.M.), bubbling rales were 
heard over the right chest. Much mucus was removed by bronchoscope from the 
entire bronchial tree following which no rales were heard, but the breath sounds 


were harsher over the lower lobe than on the previous day. At 5:30 P.M., the 
bronchoscopic aspiration was repeated. 

April 29, 1940, the third postoperative day (9:45 A.M.), bronchoscopic aspiration 
was repeated and a large amount of thin, mucoid material was removed. ‘‘A puddle 
collects each time in the stump of the left main bronchus.’’ The patient was much 
improved. Sulfapyridine was started and later replaced by sulfathiazole. 

May 1, 1940, the fifth postoperative day, she was coughing less and was thouglit 
to be improved. 

May 2, 1940, the sixth postoperative day (8:15 A.M.), ‘‘Has pain on inspiration 
over the right base. Cough is rather weak because of discomfort. Coarse rales are 
heard at the base anteriorly.’’ Bronchoscopie aspiration brought about 10 ¢.c. of 
thick, tenacious, purulent material which had almost completely filled the large 
bronchi. The respirations improved immediately. However, the bronchial tree 
filled so fast during the day that it was apparent the patient could not withstand 
the respiratory embarrassment long. Therefore, a tracheotomy was done, under 
procaine anesthesia, and large amounts of thick and thin mucoid secretion were 
aspirated. Stained smears showed Gram-positive cocci in clusters, and Gram-positive 
diplococeci. The aspirations were continued as necessary, at times every fifteen 
minutes, sometimes at intervals of as long as three hours. Bronchial breathing, and 
a few fine crepitant rales persisted over the right lower lobe, and the broncho- 
pneumonic process spread to all lobes. The leucocyte count, at this time, was 33,500, 
with 98 per cent polymorphonuclears. 
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On May 6, 1940, the tenth postoperative day, roentgenograms showed beg:nning 
clearing of all lobes. Thereafter, heavy yellow-green material was aspirated 1e- 
peatedly and the pneumonia in the cardiohepatie portion of the lower lobe resolved 
very slowly. 

May 16, the twentieth postoperative day, the tracheotomy tube was removed. By 
May 23, the twenty-seventh postoperative day, only 3 ¢.c. of sputum were ex- 
pectorated during the previous twenty-four hours. A sulfathiazole skin reaction, 
similar to erythema nodosum, appeared on the legs. The patient had had a total of 
85 Gm. of sulfathiazole over a period of twenty days. 

June 15, 1940, the fiftieth postoperative day, an empyema was drained by rib 
resection. There was no bronchopleural fistula. September 16 to November 5, she 
was readmitted and thoracotomy was repeated for improvement of drainage. Jan. 
21 to Feb. 1, 1941, during readmission, the sinus was dilated and a rubber tube 
drain was replaced. 

April 15, 1941, a narrow sinus persisted which extended to the apex of the pleura. 
The patient is in excellent health. There is no fever and no expectoration. 


CASE 8.— A male, aged 39 years, had epidermoid carcinoma of the larynx, grade 
2. 

May 28, 1940, laryngectomy was performed. The anesthesia was basal ether in 
oil, per rectum; semiclosed nitrous oxide-oxygen by mask; after division of the 
trachea, endotracheal ether-oxygen by open catheter. No blood or mucus was allowed 
to enter the trachea during the operation. The bronchi were sucked out by catheter 
at the close, Kor several days, large amounts of bloody mucus were aspirated from 
the pharynx, but very little secretion was obtained from the trachea and bronchi 
at any time. The highest temperature, 102.8° F. by rectum, was recorded on the 
evening of the second postoperative day. There were no pulmonary complications. 
The patient is now well, at work, and his speech is understood perfectly by his wife 
and close associates, although imperfectly by others (April 15, 1941). 


CASE 9.—A 62-year-old man had adenocarcinoma of the stomach with extension 
into the esophagus. 

July 11, 1940, exploration of the upper abdomen was done, followed by a Witzel 
gastrostomy. An irregular, quite freely movable mass was found in the fundus of 
the stomach extending upward in the esophagus. There were a few harc, movable 
lymph nodes near the diaphragm. The liver did not appear to be involved. 


July 19, 1940, left transpleural exploration of the esophagus was made. The 
anesthesia was endotracheal cyclopropane with cuff inflated. The bronchial tree 
was aspirated by catheter during the operation. The growth was found to extend 
within the walls of the esophagus as high as the aortie arch and was considered 
inoperable. Bronchoscopic aspiration was carried out at the close of the procedure. 


The lungs remained clear until the third postoperative day, when the entire 
bronchial tree became filled with thin mucopus. This was removed by broncho- 
scopic aspiration, but reaccumulated rapidly. Death occurred on the fourth post- 
operative day. There was no autopsy. 


CASE 10.—A girl, aged 5 years, had a bronchiectatic (?? congenital) cyst of the 
left lower lobe. 

On Aug. 19, 1940, the cyst, which was 10 em. in diameter and contained viscid, 
glary mucus, was drained dependently by rib resection. Endotracheal cyclopropane 
anesthesia with cuff inflated was used. Until the cyst could be emptied externally it 
was necessary to aspirate large amounts of the mucus through the endotracheal 
tube. At the close of the operation, bronchoscopic suction left the air channels dry 
and clean. The temperature, pulse, and respiratory rates remained normal after the 
first twenty-four hours. 
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Sept. 11, 1940, the left lower lobe was excised by the dissection technique. The 
anesthesia was endotracheal cyclopropane with cuff inflated. The bronchi were kept 
free of mucus by catheter aspirations during the operation. ‘‘They were aspirated 
and were dry when the intratracheal tube was removed.’’ Bronchoscopy was not 
done at the close of this operation, but eighteen hours afterward it was necessary 
to bronchoscope the patient in her room to remove a large amount of mucus from 
the main air channels, The examination was done easily and without trauma, and 
the relief of dyspnea was complete. However, during the day and ensuing night 
laryngeal obstruction began, and gradually increased until at forty-two hours post- 
operatively a laryngoscopic examination showed extensive glottie edema and obstrue- 
tion. Relief was obtained by introducing a short, No. 5 tracheotomy tube through 
a transverse incision under procaine anesthesia. Thereafter, frequent aspirations 
were carried out through the tracheotomy tube. Laryngoscopy, four days later, 
showed no edema, and the tube was removed. Aspirations were continued for one 
day through the opening in the skin, following which the patient expectorated 
spontaneously. 

The further convalescence was complicated by empyema, but there was no 
bronchial fistula and the wound soon healed completely. 


CASE 11.—A male, aged 69 years, had epidermoid carcinoma of the lower esopha- 
gus, grade 3, with metastases to the pericardium, diaphragm, and liver. 


Sept. 14, 1940, a left transpleural exploration was done and the tumor found in- 
operable. Anesthesia used was endotracheal cyclopropane with cuff inflated. The 
bronchial tree remained dry throughout the operation. A bronchoscopic asp:ration 
was not done. Postoperatively, there was no cough or pulmonary complication of 
any kind. Sterile bloody fluid was aspirated from the left pleural cavity on three 
oceasions, This patient was discharged from the hospital unimproved and died two 


months later. 


CasE 12.—A 58-year-old male had epidermoid carcinoma of the larynx, grade 2. 

Sept. 14, 1940, laryngectomy was performed. The anesthesia used was endo- 
tracheal ether insufflation; after division of the trachea, endotracheal nitrous oxide 
and ether with the cuff inflated. The trachea and bronchial tree were aspirated 
by catheter at the close of the operation. There was only a small amount of secre- 
tion. Postoperatively, the trachea was kept clean by infrequent aspirations and 
there were no pulmonary complications. This patient died suddenly at home, two 
months later, of what was thought to be an overdose of pentobarbital. 


CasE 13.—A male, aged 56 years, had adenocarcinoma of the stomach with ex- 
tension into the esophagus; metastases in the diaphrag.n and liver. 

Oct. 9, 1940, left thoracic exploration and biopsy from the diaphragm were made. 
Endotracheal cyclopropane anesthesia was used, with cuff inflated. After the 
operation, the trachea and bronchi were aspirated blindly by catheter while the 
endotracheal tube was being removed. Bronchoscopic aspiration was not done. 
The patient was troubled by cough, due to subacute bronchitis, for a few days 
postoperatively. The temperature became normal on the sixth postoperative day, 
after discontinuing the administration of sulfanilamide. April 1, 1941, the patient 
was living, at home, but failing. 


CasE 14.—A man, aged 63 years, had epidermoid carcinoma of the mid-esophagus, 
grade 2. 

Oct. 15, 1940, an exploration of the liver was made and Witzel gastrostomy done. 
On October 23, there was an attempted esophagectomy with endotracheal cyclopropane 
anesthesia (cuff inflated). The growth was torn open while freeing it from the 
left main bronchus and the patient died on the first postoperative day as a result 
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of overwhelming sepsis. The bronchial tree was not aspirated postoperatively. 
Autopsy showed acute pleurisy and mediastinitis. It was interesting that micro- 
scopic sections demonstrated no tumor in the wall of the left main bronchus. 


CasE 15.—A 54-year-old male had chronic gastric ulcer (malignancy suspected 
preoperatively). 

Oct. 28, 1940, subtotal gastrectomy was done. Anesthesia used was procaine field 
block with endotracheal cycloprane, cuff inflated. At the close of the operation, the 
bronchial tree was aspirated blindly by catheter while the endotracheal tube was 
being withdrawn. 

On the second postoperative day there appeared cough, hyperpnea, and slight 
cyanosis, These symptoms were accompanied by a rise in pulse and respiratory 
rates, and a fever. Examination showed atelectasis of the right lung and this was 
confirmed by a roentgenogram. A bronchoscopic aspiration was done in the patient’s 
room, during which ‘‘a considerable amount of heavy, mucopurulent material was 
removed from the trachea and right bronchial tree; scarcely anything was seen on 
the left.*’ Thereafter, there was rapid improvement and normal convalescence in 
every way. 

CASE 16.—A boy, aged 8 years, had chronic intussusception of the small bowel. 

Nov. 10, 1940, resection was done, with endotracheal cyclopropane anesthesia and 
ether with cuff inflated. A small amount of bronchial secretion was aspirated blind- 
ly by eatheter before and during the removal of the endotracheal tube. 

On the first postoperative day the boy was unable to cough effectively. A few 
coarse ronchi were heard over the chest bilaterally. At bronchoscupy, the larynx was 
observed to be somewhat hyperemic and the cords were swollen. The mucous mem- 
brane of the trachea was reddened and the mucosa of the right bronchial tree was 
quite injected. Only a small amount of mucus was present in the right main 
bronchus. The left bronchial tree was practically normal. Following this bron- 
choscopie aspiration the ronchi could no longer be heard and the breath sounds were 
vesicular over all lobes. The irritating cough stopped. 

All vital signs were normal from the fifth postoperative day on. The boy was 


discharged well and has remained so. 


CASE 17.—A woman, aged 38 years, had an internal concealed hernia of the 
stomach and great omentum, protruding through the gastrosplenic ligament and 
simulating a diaphragmatic hiatus hernia. 

Nov. 23, 1940, the hernia was reduced. The anesthesia used was procaine field 
block; endotracheal cyclopropane, with cuff inflated. Blind aspiration of the 
bronchial tree during the removal of the endotracheal tube failed to result in the 
clearing of coarse rales from the lungs. Bronchoscopic aspiration brought 2 or 3 
c.c. of thin secretion from the walls of the bronchi, following which the lungs were 
found to be normal to auscultation. 

From the second to the fifth postoperative days the patient expectorated small 
amounts of very thick yellowish mucus. Auscultation showed evidence of slight 
bilateral bronchitis. She was discharged well on the nineteenth postoperative day. 


CASE 18.—A 31-year-old woman showed degenerating neurofibroma of the sixth 
right intercostal nerve. 

Noy. 27, 1940, the tumor was excised by posterior mediastinotomy. Anesthesia 
was endotracheal cyclopropane with cuff inflated. The air passages remained dry 
throughout the operation, so that at the end when the bronchi and trachea were 
aspirated with a catheter as the endotracheal tube was withdrawn, very little secre- 
tion was obtained. Bronchoscopie aspiration was thought to be unnecessary. 

The right pleura had been opened during the operation. The right lung re- 
mained partially collapsed for ten days, during which time there was slight fever 
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with moderate perspiration, a productive cough, and a few rales in the right lung. 
Further convalescence was rapid and the patient has remained well. 


CASE 19.—A male, aged 54 years, had chronic tuberculous pneumonitis with ex- 
tensive pleural calcification and pulmonary abscess on the right. 

Jan. 22, 1941, total right pneumonectomy was done using dissection technique. 
Endotracheal cyclopropane anesthesia with cuff inflated was used. The bronchial 
tree was aspirated frequently during the operation and the catheter was brought out 
behind the endotracheal tube as it was withdrawn. On examination with the stetho- 
scope, many noisy sounds were heard over the remaining lung. Bronchoscopic 
examination showed only a small residual of thin mucoid material in the left 
bronchial tree, but there were also 1 or 2 ¢.c. of mucus lying in the stump of the 
right main bronchus. All of the secretion was removed, and the distal end of the 
closed bronchus was seen to be flat and tightly sealed. Auscultation now showed 
the ling to be free from rales. 

On the second postoperative day, the patient looked and felt quite well, but the 
puise rate rose to 200, and the rhythm was irregular. A roentgenogram showed a 
marked shift of the heart, trachea, and great vessels to the right, and the diaphragm 
was high and the left lung overexpanded. An electrocardiogram indicated auricular 
flutter with some irregularity. The 70 cm. of negative pressure, exerted by the 
closed-type water-sealed drainage, were released, and 200 em. of air were injected 
into the right pleural cavity. Within thirty minutes, the pulse rate dropped to 108, 
and the rhythm became regular and strong. A roentgenogram now showed only 
slight shift of the mediastinal structures to the right and an electrocardiogram was 
normal. 

Sulfathiazole was given for several days and the left lung remained entirely 
clear. However, until the tenth postoperative day, whenever the patient turned on 
the left side there occurred a fit of coughing, with expectoration, due, apparently, to 
the dumping of the contents of the stump of the right main bronchus over the 
carina. There was no bronchopleural fistula at any time. 

Following an extension of tuberculosis to the left lung, this patient died in the 
Charles V. Chapin Hospital (for infectious diseases), two months after operation. 


Case 20.—A woman, aged 56 years, had adenocarcinoma of the stomach with ex- 
tension into the lower esophagus; metastases to the regional lymph nodes and liver. 

Jan. 23, 1941, abdominal exploration was carried out under endotracheal cyclopro- 
pane anesthesia with cuff inflated. The bronchi remained dry during the operation 
and bronchoscopic aspiration was not done. This patient recovered without bron- 
chitis or other pulmonary complication and left the hospital unimproved. 


CASE 21.—A girl, 6 years of age, had a sequestration cavity in the middle lobe, 
the result of a posttonsillectomy abscess which was drained by thoracotomy eight 
months previously. 

April 30, 1941, the middle, and a portion of the right lower, lobes were removed. 
Anesthesia used was endotracheal cyclopropane witli cuff inflated. During the 
latter part of the operation small amounts of bloodstained, frothy mucus were 
aspirated blindly from the trachea and bronchial tree. Before recovery of the cough 
reflex, a bronchoscope was introduced and small collections of the same type of 
mucus were removed from the trachea and right and left bronchi. All of the 
bronchial orifices were seen to be free from secretion. Moderate negative pressure 
was then applied to the catheter in the right pleural cavity, and positive pressure 
of 6 mm. of water was applied by mask. Breath sounds were clear over the left 
lung, somewhat distant over the right upper lobe, and barely heard over the right 
lower lobe. A roentgenogram of the chest taken two hours postoperatively with 
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the portable apparatus, showed the right upper lobe two-thirds expanded but there 
was density over the lower right lung field and the heart was displaced slightly 
toward the right. 

In this child there was much difficulty postoperatively from accumulation of 
mucus in the bronchial tree, so much so that bronchoscopic aspirations were done 
twice on the first postoperative day, and a tracheotomy tube was inserted on the 
morning of the second postoperative day. Large amounts of mucus were removed 
repeatedly by aspiration through the tracheotomy tube and within a few hours the 
left lung was practically free of rales and the breath sounds were good over the 
right upper lobe. The tracheotomy tube was left in place for eight days. Re- 
covery was progressive, with gradual re-expansion of the right upper and lower lobes. 
Cultures taken of the pleural fluid on the second postoperative day showed a few 
stap! ‘locoeci, but the fluid was clear red. The pleural drainage tube became oc- 
cluded on the third postoperative day and was removed. The wound healed solidly 
and there was no empyema. 

The child was discharged from the hospital, May 22, 1941, and has remained well 
(June 4, 1941). 


CASE 22.—A 63-year-old man had epidermoid carcinoma of the larynx, grade 2, 


extending into the trachea. 

May 21, 1941, a laryngectomy was performed, with resection of the trachea to 
the eighth ring posterolaterally on the right. Vinethene and ether induction 
through the tracheotomy tube were used; endotracheal cyclopropane with cuff 
inflated. After isolating the larynx and upper trachea, the trachea was severed be- 
tween the second and third rings. The flat, papillomatous tumor was found to be 
sharply demarcated at the level of the sixth tracheal ring, posterolaterally on the 
right. By suitable undermining of skin flaps and the removal of tissues down to 
the sternomastoid muscles and sternal notch, it was possible to divide the trachea 
between the fifth and sixth rings on the left, then attach the skin flap on the left 
to the sixth ring with silkworm gut sutures, finally resecting the tumor with a 
5 mm. margin and attaching the skin all around, anteriorly, posteriorly, and on the 
right, te the sixth, seventh, and eighth rings. This gave a mucous membrane-to- 
skin approximation for the entire circumference. The work was done with a cuff in 
the lower trachea, inflated over the endotracheal tube. The anesthetic was taken 
well and the trachea and lungs were dry throughout the operation. A small amount 
of frothy, bloody mucus was aspirated blindly from the bronchi immediately post- 
operatively. Within one-half hour the patient coughed effectively, removing slightly 
bloody mucus from time to time. 

A few aspirations of the trachea with a catheter were carried out during the 
first three postoperative days, but by changing the laryngectomy tube every twelve 
hours and cleaning the inner tube every two hours, combined with coughing and 
change of position, aspirations were unnecessary thereafter. The patient was allowed 
up in a wheel chair on the sixth postoperative day. A Levin tube was passed at the 
time of operation and all feedings and fluid were given through it for fourteen days. 
There was no leakage from the pharynx and the patient was discharged from the 


hospital on the seventeenth postoperative day. 
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EXPERIMENTAL PULMONARY EDEMA FOLLOWING 
LOBECTOMY AND BLOOD TRANSFUSION 


JOHN H. Gipson, Jr., M.D., Mary H. GipBon (BY INVITATION), AND 
CHARLES W. Kraut, A.B. (BY INVITATION ) 
PHILADELPHIA, Pa. 


N 1877 Cohnheim and Lichtheim? noted the appearance of acute pul- 

monary edema in some animals following the administration of mas- 
sive doses of salt solution intravenously. Warthen** more recently 
studied the effects of administering large amounts of glucose or salt 
solution intravenously. He stated, ‘‘In order to produce pulmonary 
edema in a dog it was necessary to inject the equivalent of 25 liters of 
fluid for a human being in thirty-five minutes.’’ It is reasonable to sup- 
pose that smaller amounts of intravenous fluid might produce pulmonary 
edema if the pulmonary vascular bed had been reduced by removal of 
one or more lobes of the lung. Recently two patients were observed 
who underwent bilateral lobectomy and died within twelve hours of 
operation. The following are brief outlines of their clinical courses. 


J. M., aged 24 years, had had symptoms of bronchiectasis for eight years. Both 
lower lobes and the right middle lobe were diseased. On June 5, 1939, the left 
lower lobe was removed. On Oct. 23, 1940, the right lower and middle lobes were 
resected under intratracheal ether-oxygen anesthesia. There was some brisk bleeding 
from a vein in the pulmonary ligament for a short period during the operation. 
When this occurred, the blood pressure dropped from 130/70 to 80/40. It returned 
to 110/70 twenty minutes later. The operation required five hours during which 
the patient received 1,000 c.c. of citrated blood, 800 ¢.c. of plasma, and 1,000 c.c. of 
5 per cent glucose in normal saline. The hemoglobin concentration before operation 
was 15 Gm. per cent; after operation it was 9.5 Gm. per cent. Postoperatively the 
patient never regained consciousness. Two hours after operation the blood pres- 
sure was normal; the pulse rate was 140 to 160; and the patient had Cheyne- 
Stokes respiration. He later developed muscular twitching followed by generalized 
convulsions. The temperature gradually rose to 106° F., and death occurred twelve 
hours after operation. Shortly after operation he received 1 liter of a one-sixth 
molar sodium lactate solution because of a mild chill which was attributed to a 
blood transfusion reaction. He was also given an additional 800 c.c. of plasma 
between the seventh and twelfth postoperative hours because of the rapid pulse 
rate and a tendency for the blood pressure to fall. He thus received a total of 
4,600 ¢.c. of fluid intravenously, an amount not excessive for a long abdominal 
operation associated with some hemorrhage. 

L. G.,* aged 19 years, also had had symptoms of bronchiectasis for eight years. 
Both lower lobes and the right middle lobe were diseased. The left lower lobe 
was removed Sept. 27, 1939. On Oct. 25, 1940, the right lower lobe was resected 
under a basal avertin narcosis supplemented by intratracheal nitrous oxide-ether- 
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oxygen anesthesia. The right middle lobe, although extensively diseased, was not 
removed because of the increased operative risk. The operation required four 
hours during which the patient received 500 ¢.c. of blood, 1,000 c.c. of plasma 
and 1,500 c.c. of 5 per cent glucose in normal saline. Postoperatively the patient 
never regained consciousness. There were gasping respirations and symptoms of 
air hunger. The pulse rate was 160 per minute, and the blood pressure was normal. 
The patient died rather suddenly eight and one-half hours after the operation. 
This patient received a total of 3,000 ¢.c. of intravenous fluid, again an amount 
that would not be considered excessive for a prolonged abdominal operation. 

Autopsies were performed on both patients. The only significant finding con- 
sisted of edema of the remaining lobes. One of the questions which naturally 
arose was whether the fluids which were administered during and after operation 
were in any way responsible for the development of the pulmonary edema. The 
present investigation was undertaken to determine whether intravenous fluids, in 
amounts well tolerated by normal animals, would produce pulmonary edema when 
a large part of the functioning pulmonary tissue was removed. This report is 
concerned only with the effects of blood transfusion following lobectomy. The 
results following the administration of plasma and salt solution under similar 
circumstances are being investigated and will be reported later. 


METHOD 


All the experiments reported here were performed upon cats, anesthetized by 
an intraperitoneal injection of a 5 per cent solution of sodium amytal (50 mg. of 
the drug per kilogram of body weight). At the start of all the experiments a 
large L-shaped glass cannula was tied into the opened trachea in the neck to ensure 
a free air passage and, in some experiments, to permit the intermittent insufflatica 
of air when the chest was opened. The right femoral vessels were exposed, and 
blood samples were withdrawn from the right femoral artery through a fine needle 
into an oiled syringe. The blood was immediately transferred to an oxalated tube 
under oil and surrounded by ice until it was analyzed for oxygen content and 
capacity. These determinations were made within one or two hours after the 
withdrawal of blood. One cubic centimeter of blood from each sample was placed 
in a Wintrobe hematocrit tube26 and was centrifuged for a half-hour to determine 
the volume of the packed red cells. To avoid depletion of the animal’s blood 
volume after withdrawal of the arterial blood sample, the same amount of blood 
obtained from another cat was injected into the femoral vein. The oxygen analyses 
were done by the Van Slyke manometric method. All determinations were made 
in duplicate. The greatest difference between duplicate samples was 0.17 volumes 
per cent in oxygen capacity and 0.20 volumes per cent in oxygen content. 

Blood used for the transfusions and for replacing the blood withdrawn for 
samples was taken from another cat either the day of the experiment, or twenty- 
four to forty-eight hours before, with two exceptions. In Experiments 13 and 20 
the blood was five days old. When stored, the blood was kept at 5° C. When 
transfusions were given, the blood was placed in a burette connected by rubber 
tubing with a glass cannula tied in the femoral vein. The amount given was always 
15 e.c. per kilogram of body weight. This was administered over a thirty-minute 
period with the exception that in some normal control experiments it was given 
in twenty minutes. References hereafter to ‘‘blood transfusion’’ always refer 
to this amount of blood given during this time interval. Hematocrit readings 
were made on samples of the blood transfused. When the arterial blood pressure 
was recorded, it was read directly through a cannula inserted in the left femoral 
artery connected to a mercury manometer by rubber tubing filled with a solution 
of 5 per cent sodium citrate. 
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In the experiments in which lobectomies were performed a No. 12 French rubber 
catheter with an open end was threaded into the glass tracheal cannula until its 
tip lay within the trachea. While the pleural cavities were open, artificial respira- 
tion was administered by the intermittent insufflation of air through this catheter. 
Lobectomies were performed through an incision in the sixth intercostal interspace 
on either side. The hilar structures of the lobes to be removed were tied with a 
single ligature of heavy silk. The lobes removed were kept in closed containers 
to prevent the evaporation of water. A small rubber tube with several perfora- 
tions near the end was introduced into each pleural cavity through a stab wound 
in the eighth intercostal space. The incision in the sixth interspace was then 
closed with a continuous suture, approximating the sixth and seventh ribs. At 
the conclusion of the operation the catheters draining the pleural cavities were 
connected to a constant source of 7 cm. of water suction. A T-tube inserted into 
the suction line was connected with a glass U-shaped water manometer so that 
respiratory variations in intrapleural pressure could be read. After the chest was 
closed and suction was established, artificial respiration was stopped and the small 
rubber catheter was withdrawn from the trachea. 

At the conclusion of all experiments an autopsy was performed. Surviving 
animals were sacrificed by bleeding from the femoral artery. The trachea was 
clamped, and the thoracic cavity was opened widely by the removal of the sternum 
and the costal cartilages. Care was taken to avoid bleeding into the pleural 
cavities until after the presence or absence of fluid had been noted and the amount 
measured. The color and condition of the lungs or remaining lobes were noted, 
and the heart and lungs were then removed en masse. The lobes were resected 
separately by dividing the vessels and bronchi of each lobe close to the pulmonary 
tissue. The presence or absence of froth in the cut bronchi was noted. The lobes 
were then weighed to within 0.01 Gm. 


RESULTS 


The most obvious indication of pulmonary edema is the presence of 
froth exuding from the orifices of cut bronchi at autopsy. In all of the 
animals which died from pulmonary edema bubbling of fluid in the 
trachea could be heard some time before death. Usually pink-tinged 
froth filled the tracheal cannula and flowed out with expiration. Be- 
fore these terminal manifestations appeared the arterial blood became 
noticeably darker. Decreased saturation of the arterial blood with 
oxygen has been observed to occur with pulmonary edema.*° The 
arterial oxygen saturation was determined in all of these experiments. 
The increased weight of the edematous lobes afforded further con- 
firmation of the diagnosis of pulmonary edema made by inspection at 
autopsy. 

A blood transfusion of 15 ¢.c. per kilogram of body weight produces 
no change in the saturation of arterial blood with oxygen in normal 
eats (Table I). In two experiments, 34 and 35, both pleural cavities 
were opened and artificial respiration was given for fifty-three and 
fifty-one minutes, respectively. The pleural cavities were then closed, 
artificial respiration was stopped, and the blood transfusion was given. 
In these experiments also the arterial blood was adequately saturated 
with oxygen after transfusion. Following the transfusion the animals 





GIBBON ET AL.: EXPERIMENTAL PULMONARY EDEMA 63 


TABLE I 


ARTERIAL BLOOD SAMPLES IN NORMAL CATS WITH TRANSFUSION 














SAMPLE A SAMPLE B TIME OF 
EXPERIMENT OXYGEN TIME AFTER OXYGEN SACRIFICE AFTER 

NO. SATURATION TRANSFUSION SATURATION TRANSFUSION 

% (MIN. ) (%) (MIN.) 

15 98 18 97 26 

20 99 5 97 29 

23 96 12 96 39 

29 98 61 97 64 

34 97 25 95 120 

35 94 10 97 180 

















were sacrificed at periods varying from one-half hour to three hours. 
The cats appeared normal in every way at the time of sacrifice, and 
there was no evidence of cyanosis. At autopsy the lungs appeared 
grossly normal. 

In five animals all the lower lobes and the right middle lobe were 
removed. This reduces the pulmonary tissue of the cat to approxi- 
mately 29 per cent of its original mass (Table VI). One animal died 
one hour and thirty-five minutes after the lobectomy, although the 
arterial blood showed an almost normal saturation with oxygen twenty- 
three minutes after the operation (Table II). In the other four ani- 
mals the arterial blood was adequately saturated with oxygen shortly 
after lobectomy and as long as four hours later. At the time of sacri- 
fice none of these animals appeared cyanotic. At autopsy the lungs 
were congested and red, but there was no fluid in the bronchi or evi- 
dence of pulmonary edema. 


TABLE II 


ARTERIAL BLOOD SAMPLES IN EXPERIMENTS WITH LOBECTOMY 














SAMPLE A SAMPLE B SAMPLE C TIME OF 

| DEATH (D) 

: OR SACRI- 
mires | OX%GEN | cpree | OXYGEN | prep | sarura- | FICE (8) 
ee —e LOBEC- — LOBEC- "(TION AFTER 
ie 7 TOMY — TOMY (%) LOBEC- 
(%) (MIN.) (%) (MIN. ) (ue) 

8 99 23 90 D 99 
10 94 5 96 80 97 S 132 
i 96 35 99 120 90 S 192 
25 96 27 96 248 97 S 280 
51 95 31 94 241 93 S 254 
52 20 97 255 94 S 280 























In nine other animals the same amount of pulmonary tissue was 
removed and twenty-two to seventy-nine minutes later a blood trans- 
fusion was given. Three arterial blood samples were taken during the 
course of these experiments (Table III). Sample A was taken before 
the lobectomies; sample B, after the completion of the lobectomies; and 
sample C, following the transfusion. Samples A and B were all ade- 
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quately saturated with oxygen. In Experiments 46 and 49 oxygen 
capacity figures were obtained from sample B, but due to accidental 
loss there was insufficient blood to determine the oxygen content. Sample 
C, taken after the transfusion, showed varying degrees of unsaturation 
with oxygen, with the exception of Experiments 41 and 46. Also, in 
Experiment 49, in which a blood sample was not obtained after trans- 
fusion, the arterial blood appeared bright red at the time of sacrifice, 
two hours and five minutes after the transfusion. In the other six ex- 
periments, during or shortly after the completion of the transfusion, 


TABLE IIT 


ARTERIAL BLOoD SAMPLES IN EXPERIMENTS WITH LOBECTOMY AND TRANSFUSION 








SAMPLE SAMPLE B SAMPLE C TIME OF 
A DEATH (D) 
EXPERI- ea er TIME OXYGEN TIME OXYGEN OR SACRI- 
MENT | OXYGEN | AFTER | ..quRa- AFTER | satura- | FICE (8S) 
NO. SATURA- LOBEC- TION TRANS- TION AFTER 
TION TOMY FUSION : . 
(%) (%) SAMPLE C 


(%) (MIN. ) (MIN.) 


4 97 11 92 12 

3 95 19 93 5 
40 94 11 94 
41 95 41 96 
44 97 35 97 
45 96 14 92 
46 95 
49 96 
50 98 13 


*Time after transfusion. 








17 
7 
26 
26 
5 
125* 
30 
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respirations became labored and tracheal rales could be heard. In four 
experiments the animals died. In three of these four (4, 138, and 40) 
in which sample C was taken very shortly before death the arterial 
oxygen saturation was below 50 volumes per cent. In Experiment 44 
sample C was taken twenty-six minutes before death and showed a 
marked, but not as severe a degree of unsaturation. In Experiments 
45 and 50 the oxygen saturation of sample C was 79 and 71 volumes 
per cent, respectively, but at the time of sacrifice twenty-six and thirty 
minutes later, the arterial blood was of a very dark venous color. In 
Experiment 41, one of the three in which pulmonary edema did not 
occur, 38 ¢.c. of blood were found in the pleural cavities at autopsy. 
This blood had a hematocrit reading of 36 per cent cells. The cat had 
been given a transfusion of 43.5 ¢.c. of blood, with a hematocrit reading 
of 34 per cent cells. Thus the effect of the transfusion was almost com- 
pletely lost by hemorrhage into the pleural cavity. In all of the other 
experiments the amount of fluid found at autopsy in the pleural cavi- 
ties varied from 4 to 15 ¢.c., and the hematocrit reading was between 
2 and 14 per cent cells. 

The lungs of the six animals which had decreased saturation of the 
arterial blood with oxygen were extremely congested and edematous, 
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and blood-tinged froth exuded from the cut bronchi. In Experiments 
41, 46, and 49, the findings were those of congestion without edema, as 
in the series of control experiments of lobectomy without transfusion. 
A possible explanation for the failure of pulmonary edema to develop 
in Experiments 46 and 49 was found in considering the figures for the 
oxygen capacity of the blood before and after lobectomy. ; 

In eleven of the fourteen experiments in which the oxygen capacity 
was determined before and after lobectomy, the capacity was increased 
(Table IV). The increase was between 0.3 and 6.1 volumes per cent, 
averaging 2.4 volumes per cent. In the other three experiments there 
was a decrease of 0.7, 1.1, and 1.4 volumes per cent. In two of these 
three, 46 and 49, the transfusion failed to produce pulmonary edema 
or anoxia. In the third, 45, one hour and thirty-nine minutes after 
transfusion there was only moderate unsaturation, 79 volumes per cent, 
although, when the animal was sacrificed twenty-six minutes later, the 
arterial blood was of a dark venous color. Thus in two of the three 
instances in which the oxygen capacity decreased following lobectomy, 
blood transfusion did not produce pulmonary edema, while in the third 
the onset of edema was delayed. Hence it appears that pulmonary 
edema is more likely to occur if hemoconcentration is present following 
the lobectomy. 

There was generally an increase in the oxygen capacity of the blood 
following transfusion (Table IV). In Experiment 20 in a normal eat 
there was a decrease of 0.1 volume per cent, and in Experiment 41, 
where blood was lost into the pleural cavities, there was a decrease of 
0.6 volume per cent. Where the capacity was increased following trans- 
fusion after lobectomy, the increase varied between 1.5 and 6.5 volumes 
per cent, averaging 4.4 volumes per cent. Where the capacity increased 
in normal eats following transfusion, it varied between 0.8 and 4.6 
volumes per cent, averaging 3.1 volumes per cent. 

The gross appearance of the lungs of normal cats which received a 
blood transfusion was similar to that of cats which did not receive a 
transfusion. In Table V the weights of the lungs are expressed in 
terms of per cent of body weight. There is no significant increase in 
the average weight of the lungs of normal eats following transfusion, 
as compared to the average weight of the lungs of normal eats which 
were not transfused. The variations also cover the same general range. 

In Table VI the weights of the right upper and left upper and middle 
lobes are compared in three groups of cats; normal eats, eats in which 
the other lobes were removed, and, finally, cats in which the other 
lobes were removed and in which a blood transfusion was given. The 
weights have been expressed ‘in per cent of the weight of the entire 
lung tissue, and in per cent of the body weight. As would be expected, 
the most marked differences in the three groups are found when the 
weights are expressed in terms of body weight. When the weights are 
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TABLE V 


WEIGHT OF LUNGS EXPRESSED AS PER CENT OF WEIGHT OF BoDY WITH AND 
WITHOUT TRANSFUSION 











| VARIATION | AVERAGE 
19 Normal cats 0.42 to 0.73 0.53 
11 Normal cats following transfusion 0.37 to 0.77 0.58 





TABLE VI 


WEIGHT OF RIGHT UPPER AND LEFT UPPER AND MIDDLE LOBES EXPRESSED AS 
Per CENT OF WEIGHT OF LUNGS AND OF BODY 























PER CENT OF WEIGHT OF PER CENT OF WEIGHT OF 
TYPE OF EXPERIMENT LUNGS BODY 
VARIATION AVERAGE VARIATION AVERAGE 

19 Normal cats 25 to 34 29 0.12 to 0.22 0.16 
Removal of right middle ‘ 

and all lower lobes in} 37 to 49 42 0.20 to 0.35 0.25 

6 eats 
Removal of right middle 

and all lower lobes| 46 to 68 53 0.24 to 0.82 0.45 

and transfusion in 9 

eats 

















expressed in terms of total lung weight, the edematous lobes increase the 
total lung weight and thus give a falsely low percentage value for the 
weights of the upper lobes and the left middle lobe. In terms of body 
weight removal of the right middle and all the lower lobes results in 
approximately a 60 per cent increase in the weight of the remaining 
lobes, whereas, when these same lobes are removed and a transfusion is 
given, the average weight of the remaining lobes is almost three times 
the weight of these lobes in normal eats. The increase in weight in the 
group with lobectomy without transfusion is probably the result of con- 
gestion because these lobes were not edematous. In the group with 
lobectomy and transfusion the increase in the weight represents both 
congestion and edema. 


PRESSURE MEASUREMENTS 


In the study of the pathogenesis of the pulmonary edema observed in 
these experiments, a number of observations were made of the pul- 
monary arterial, superior vena caval, and systemic arterial pressures. 
Also in two experiments the left auricular pressure was measured. In 
all of these experiments heparin (300 units per kilogram of body weight) 
was given before cannulating the vessels. To measure the pressures in 
the pulmonary artery and left auricle the heart was exposed in naturally 
breathing animals by Drinker’s method‘ in three instances. In eight 
other experiments the animals were prepared six weeks in advance by 
resecting short portions of the two ribs on the left side of the chest 
overlying the heart, and suturing the pericardium to the opening in the 
chest wall. At the time of the experiment the heart was exposed by 
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merely incising the skin and the underlying pericardium.’ With both 
these methods the heart is exposed in a naturally breathing animal 
without opening the pleural cavities. The exposure of the heart to at- 
mospherie pressure results in some diminution of cardiac output.’ It 
also inereases the superior vena caval and right auricular pressures by 
an amount approximating the difference between the mean intrapleural 
pressures in normal animals and the atmospheric pressure. The same 
inerease in pressure also occurs in the pulmonary veins and the left 
auricle. The elevated pressure in the pulmonary veins would undoubt- 
edly further increase any pulmonary edema that was present or con- 
ceivably might initiate pulmonary edema if other factors favoring its 
development were already present. 

A total of eleven experiments was performed in which the pulmonary 
arterial pressure was measured by means of a special cannula.2* In 
three of these the pulmonary arterial pressure was measured in normal 
eats before, during, and after the standard blood transfusion. Two of 
these experiments were with Drinker heart preparations and one with 
a marsupialized pericardium as described above. Prior to the trans- 
fusion the pressure ranged from 13 to 20 em. of water. There was a 
slight rise during the transfusion, but several minutes later the pres- 
sures had returned to their initial level, or slightly above these figures 
(Table VII and Fig. 1). These pressures are all within the range of 
those observed previously in cats with Drinker heart preparations.® 

In eight animals all the lower lobes and the right middle lobe were 
removed as previously described. The heart was then exposed in one 
instance (Experiment 18) by Drinker’s method and in the other seven 
by dividing the skin and pericardium overlying the heart in previously 
prepared animals as described above. The pulmonary arterial pressures 
in these eight experiments were all above the normal range. In four 
instances (Experiments 30, 31, 36, and 47) the pressures were very 
high (Table VII), approximately double the range observed under 
normal conditions. These four animals died between thirty and ninety 
minutes after the lobeectomies and before a blood transfusion could be 
given. In the other four experiments (18, 28, 39, and 48) the pressures 
were not as high, with one exception (Experiment 39). During the 
course of the transfusion the pressures rose to high levels and did not 
begin to fall until the animals were moribund (Table VII). In Ex- 
periment 48 (Fig. 2) the animal survived the lobectomies for more than 
two hours before the blood transfusion was begun. The pulmonary 
arterial pressure which at first was relatively low rose steadily to very 
high levels during the transfusion, and the animal died one minute 
after the transfusion was completed. 

The failure of these animals to survive the lobectomies without trans- 
fusion is probably related to the exposure of the heart to atmospheric 
pressure. The four animals with lobectomies which were not transfused 
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(Experiments 30, 31, 36, and 47) all had extensive edema of the re- 
maining lobes at autopsy. As mentioned above, the rise in the pul- 
monary arterial and the left auricular pressures resulting from exposure 
of the heart to atmospheric pressure may be responsible for the pul- 
monary edema. 
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Fig. 1.—Graph of a normal cat receiving a blood transfusion of 15 c.c. per kilo- 


BP is the femoral arterial 


gram of body weight over a period of thirty minutes. 
VC, the superior vena caval 


blood pressure; PA, the pulmonary arterial pressure; 
pressure; and LA, the left auricular pressure. 

In two normal and three lobectomized eats the right external jugular 
vein was exposed and a curved stainless steel cannula was passed down 
into the superior vena cava. The cannula was connected to a saline 
manometer. In the two normal animals the venous pressure rose slightly 
during the course of the transfusion and then returned to its previous 
level (Fig. 1). In the three lobectomized cats the venous pressure rose 
slowly during the course of the transfusion and then showed an abrupt 
terminal rise with the failure of the heart just before death (Fig. 2). 
The left auricular pressure was measured in two experiments. In one 


normal cat the pressure rose approximately 3 em. during the course 
of the transfusion and then returned to its previous level (Fig. 1). 


In 














THE JOURNAL OF THORACIC SURGERY 


70 





















































SOL GE 6S 66 SP 06 GF Lv 
86 c9 Ge 167 6& €¢ FS 9¢ IG cS LT €F 
19 Tv GP GE 83 0€ FV te 8T FG 0G GG 
16 G LS Se 8T cg 9S 0€ LT LT tas 13 
(xq) ((NIN) (OH ‘wo)|(O°H ‘“WwO) (nu) (0H "WO) ' A a ee ; 
zmO0z0%07 AWOLOGAOT | wOWIXVW | ‘IVILINI ON asa ayassayd ON (O°H ‘WO)|(O°H ‘wO)!(O°H ‘WO) ON 
ektey eiven WaLAv OMEM | wae gees AYDLUV INGW TIVNId | WONIXVN | ‘IVILINI INGIV 
pogronns NOISQUSNVUL aunssaud “THGdXG | So GWIL AUYVNOWIOd | -luadxa -INGd XH 
dO GWIL |AYALYV AUVNOWTOd ‘IVILINI GUNSSHYd AYTLUV AUVNOWINd | 
NOISOMSNVUL GNV AWOLOGOT AWOLOGIOT NOISQMSNVUL GNV 'IVWYON 








Saunssadud AYALYY AYVNOWTING 


ITA @TaVL 











GIBBON ET AL.: EXPERIMENTAL PULMONARY EDEMA 71 


one lobectomized animal there was relatively little change in the left 
auricular pressure during the transfusion and only a slight rise just 
before death (Fig. 2). The failure of the left auricular pressure to 
rise, associated with the marked increase in the pulmonary arterial 
pressure, appears to indicate some obstruction to blood flow in the pul- 
monary vascular bed. Lambert and Gremels'! noted a rise in pulmonary 
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Fig. 2.—Graph of a cat in which the right middle and all lower lobes of the lung 
had been removed. For symbols see Fig. 1. 
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artery pressure in the later stages of spontaneously occurring pulmonary 
edema in heart-lung preparations and attributed it to the mechanical 
influence of the fluid in the alveoli upon pulmonary capillaries. The 
changes in systemic arterial blood pressure with transfusion in normal 
and lobectomized cats were always similar to those illustrated in Figs. 
1 and 2. 

DISCUSSION 


The factors concerned in the pathogenesis of pulmonary edema have 
recently been reviewed by Luisada.’* There are, however, certain points 
which require emphasis. It is obvious that the conditions which favor 
edema in other parts of the body will also tend to favor the accumula- 
tion of fluid in the lungs. The hypothesis of Starling®® that the move- 
ment of fluid in and out of the tissue is influenced by the colloid osmotic 
pressure of the blood and the capillary blood pressure is generally ac- 
cepted. Injury to the capillary wall, which under normal conditions is 
relatively impermeable to protein,’® results in the filtration of all the 
constituents of the plasma into the tissue spaces and the appearance of 
edema. Increased capillary pressure, decreased colloid osmotie pressure 
of the plasma, and injury to the capillary endothelium are the three 
common causes of edema and must operate in the lung as well as in 
other parts of the body. 

Pulmonary edema arising from increased capillary pressure as the 
result of left-sided heart failure is a well-known clinical entity which 
was first recognized by Welch” in 1878 and has been adequately dis- 
cussed and studied in recent years by Harrison and his co-workers? 
and Weiss and Rob.** Decreased colloid osmotic pressure alone is prob- 
ably rarely responsible for the development of edema. The pulmonary 
edema resulting from the inhalation of poisonous gases such as phos- 
gene is a familiar example of the type due to direct capillary injury.* 

One of the peculiar characteristics of pulmonary edema is its occa- 
sional abrupt onset and rapid progression. There are probably many 
factors which are responsible for the characteristics. A sudden onset 
is frequently associated with pulmonary edema due to left ventricular 
failure. It is easy to comprehend that even a very short-lived and mi- 
nute decrease in the output of the left ventricle, compared to that of 
the right, would result in severe pulmonary congestion with increased 
capillary pressure and a tendency to edema. It is, indeed, surprising 
that the condition is not more frequently seen in view of the delicate 
balance which must be constantly maintained between the outputs of 
the left and right sides of the heart. 

The rapid progress, on the other hand, is undoubtedly dependent on 
several other factors. The pulmonary edema itself results in increased 
respiratory effort. Fraser and his co-workers’ in 1928 suggested that 
this increase in respiratory movements might lead to further pulmonary 
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congestion which would tend to aggravate the edema. Langeron’’ has 
recently restated this conception. Harrison and his associates’? reported 
a patient with pulmonary edema in whom the saturation of the arterial 
blood with oxygen rose from 56 to 80 per cent following the adminis- 
tration of morphine. It is possible that the improvement resulted from 
the decreased respiratory activity. Grollman® in 1930 showed that vol- 
untary overventilation in normal men resulted in an increase in cardiac 
output, and Harrison and his co-workers® confirmed this observation. 
An increased cardiac output in the presence of edema would tend to 
aggravate the edema. 

In the experiments reported here the pulmonary edema was always 
accompanied by a marked rise of the pressure in the pulmonary artery 
to more than double the normal level. Lambert and Gremels"! in 1926 
also observed this rise in pulmonary arterial pressure in the spontane- 
ously occurring edema of heart-lung preparations. Using a method by 
which they determined the electrical conductivity of the lungs, they 
found that the pulmonary edema occurred prior to the rise in the pres- 
sure of the pulmonary artery. They attributed the marked rise of the 
pulmonary arterial pressure in the late stages of edema to the mechani- 
eal influence of the fluid in the alveoli on the pulmonary capillaries. 
The absence of failure of the left side of the heart in the experiments 
reported here makes it evident that the rise in pulmonary artery pres- 
sure is not due to any back-pressure effect through the pulmonary vas- 
cular tree. 

Fraser and his co-workers’ noted a decreased saturation of the arterial 
blood with oxygen in a patient with pulmonary edema from conges- 
tive heart failure, and Harrison and his associates’ confirmed this ob- 
servation. In the experiments reported here the decreased saturation 
of the arterial blood with oxygen was regularly observed when severe 
pulmonary edema was present. As anoxemia increases capillary per- 
meability,’ a vicious circle is established which tends to increase the 
edema already present. 

Miller’? has shown that the lymphatic vessels of the lung do not ex- 
tend beyond the alveolar ducts. Lorber’® recently reported some evi- 
dence that this anatomic characteristic may favor the rapid develop- 
ment of edema. In heart-lung preparations the lymph flow from the 
lung was measured during the development of spontaneous pulmonary 
edema. He found that there was a steady decrease in the lymph flow. 
In the extremities, on the other hand, it is probable that large aceumu- 
lations of fluid in the tissue spaces are removed primarily through the 
lymphatic channels.’° 


In most tissues and organs of the body the tissue pressure resists the 
rapid accumulation of fluid in the extracellular spaces. Direct measure- 
ment of tissue pressure is difficult. Meyer and Holland'® found a pres- 
sure of 7 em. of water in the skin and 3 em. in the subeutaneous tissues. 
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Krogh, Landis, and Turner’ noted that venous pressures below 15 em. 
of water failed to produce measurable filtration of fluid into the tissues. 
Similarly, Landis and Gibbon" found no significant filtration of fluid 
into the forearm with venous pressures below 10 em. of water. Thomp- 
son and his co-workers”? noticed that fluid was lost from the blood during 
quiet standing, but the loss ceased before edema appeared in the legs. 
Landis and Gibbon" showed that the accumulation of fluid in the fore- 
arm decreased the rate of filtration into the tissue at any given venous 
pressure. Thus as fluid accumulates in the tissues, the increase in 
tissue pressure retards the further filtration of fluid from the eapillaries. 
Until the alveoli become entirely filled with fluid no such inhibiting 
factor operates in the lungs. The delicate alveolar walls surrounding 
small air spaces offer little or no resistance to the outpouring of fluid 
from the pulmonary eapillaries. Only air needs to be displaced to 
accommodate the fluid. Thus the failure to develop an increased tissue 
pressure during the filtration of excessive amounts of fluid from the 
pulmonary capillaries may contribute significantly to pulmonary edema. 


SUMMARY 


1. A blood transfusion of 15 ¢.c. per kilogram of body weight was 
given to six normal cats at a constant rate over a period of one-half 
hour. The saturation of the arterial blood with oxygen was normal 
before and after the transfusion, and at autopsy there was no evidence 
of pulmonary edema. 

2. The right middle and all lower lobes of the lungs were removed 
from six eats. The saturation of the arterial blood with oxygen was 
normal before the lobectomies and as long as four hours after the opera- 
tion. At autopsy the remaining lobes were found to be congested but 
not edematous. 

3. In nine animals after the removal of the same lobes of the lung, 
a blood transfusion of 15 ¢.c. per kilogram of body weight was given. 
Most of the animals showed varying degrees of unsaturation of the 
arterial blood with oxygen, and four of them died shortly after the 
completion of the transfusion. 

4. The oxygen capacity of the blood was determined in fourteen cats. 
It was found to be increased in eleven instances after the removal of 
all the lower lobes and the right middle lobe. In two of the three eats 
in which increased capacity did not occur after lobectomy, subsequent 
blood transfusion failed to produce evidence of anoxemia, and in the 
third instance the anoxemia did not appear for some time following 
transfusion and was of a mild degree. 

5. A blood transfusion of 15 ¢.c. per kilogram of body weight did not 
produce pulmonary congestion or edema in normal eats as evidenced 
by the appearance and weight of the lungs at autopsy. 
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6. Pulmonary edema did not follow lobectomy as described above, 
although the remaining lobes were congested and weighed half again 
as much as the same lobes in normal cats. 

7. When a blood transfusion was given after completion of the lobec- 
tomies, pulmonary edema occurred in the majority of instances. Pink 
froth was frequently observed filling the trachea shortly before death, 
and at autopsy similar frothy fluid exuded from the cut bronchi. The 
weight of these edematous lobes was approximately three times that of 
the corresponding lobes in normal eats. 

8. In normal cats the standard blood transfusion produced a tran- 
sient increase in the systemic arterial, the pulmonary arterial, the left 
auricular, and superior vena caval pressures. In the lobectomized cats 
the pulmonary arterial pressure was found to be always well above the 
normal range. Blood transfusion resulted in a further increase and 
death. The systemic arterial and the venous pressures in the lobee- 
tomized cats with transfusion were unchanged, or showed a slight rise, 
until the animal was moribund, when the venous pressure rose and 
arterial pressure fell. 

CONCLUSION 


In eats in which there has been an acute reduction in pulmonary 


” 


tissue, a blood transfusion of a size well tolerated by normal animals 


may produce pulmonary edema, decreased saturation of the arterial 
blood with oxygen, and death. 
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DISCUSSION 
DR. EVARTS A. GRAHAM, St. Louis, Mo.—I have nothing to say, except that 


I think it would be a shame to have this very beautiful and important demonstration 
passed by without some comment. I feel certain that Dr. Gibbon has put his finger 
on the cause of many of the tragedies which occur after total pneumonectomy, and to 
some extent after lobectomy when we overexert ourselves, perhaps, to try to prevent 
the patient from suffering from shock by overloading the blood stream. 

I was not quite sure about one point. I did not hear how much blood was used 
for transfusion of these cats from which one or two lobes had been removed. That is 
to say, what proportion of body weight was used? How did that compare with 
human blood transfusion, for example? 


DR. LEO ELOESSER, San Francisco, Calif.—I have one question. I wonder 
whether Dr. Gibbon could tell us whether death was occasioned by the tying off of 
the pulmonary vessels, or by the removal of lung as such and whether it would be 
worthwhile to tie the pulmonary vessels singly and see if the same thing might 
happen. 


DR. H. BRODIE STEPHENS, San Francisco, Calif—My comments are not 
meant to criticize this presentation; but for my own interest, I should like to know 
why Dr. Gibbon removed so much of the functioning lung. Have experiments been 
carried out in which one lobe, then two or three lobes were removed and the effect 
of blood transfusion in these animals observed? 

It occurred to me that the experimental work presented was not exactly com- 
parable to our clinical practice, in that more lung was removed in the experimental 
animal than is the common procedure when dealing with the human subject. 


DR. EDWARD D. CHURCHILL, Boston, Mass.—I should like to ask Dr. Gibbon 
whether the increase in the oxygen capacity indicated hemoconcentration, and if that 
constitutes an indication for plasma transfusion rather than whole blood transfusion. 
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DR. HARRY R. DECKER, Pittsburgh, Pa.—I should like to ask Dr. Gibbon 
whether there was any evidence at autopsy in the two cases of renal damage and, 
if so, whether perhaps this effect may not have been a contributory factor in the 
fatalities. 


DR. M. DAWSON TYSON, Hanover, N. H.—I should like to hear what Dr. 
Gibbon has to say about the x-ray appearance in human beings after administration 
of large amounts of fluid following pulmonary operation. 

We have been in the habit of taking rather frequent x-rays if we felt the patient 
needed large amounts of fluid, and we feel we are able to pick up pulmonary con- 
gestion before the severe edema has developed. 


DR. JOHN H. GIBBON, JR.—In reply to Dr. Graham’s question, I did state, 
perhaps not clearly enough, that the transfusion is 15 ¢.c. of blood per kilogram of 
body weight, given over a period of a half hour. That corresponds to a transfusion 
in man of about 1,000 c.e. 

Dr. Eloesser asked whether it would make any difference if we tied just the vessel 
and not the bronchi. I believe it would undoubtedly have the same effect; that is, all 
the output of the right heart would still have to pass through a much smaller vascular 
bed. 

Dr. Stephens asked why we took out so much pulmonary tissue. We have been 
interested in the cases in which both lower lobes have been removed in human beings 
and found only a few reports, Dr. Eloesser’s, Dr. Overholt’s, Dr. Churchill’s, Dr. 
Graham’s, and a few others, but we also felt there were probably a great many 
patients who died following bilateral lower lobectomy and had not been reported. 

We wanted to produce a rather extensive diminution in pulmonary tissue, and 
we thonght that we could best do it by removing both lower lobes and the right 
middle lobe. In normal cats, you can produce pulmonary edema if you administer 
large volumes of intravenous fluid. I do not doubt that, if we took out only one 
lower lobe, we would have to employ larger amounts of intravenous fluid to produce 
pulmonary edema than proved necessary when both lower and the right middle lobes 
had been removed. 

Dr. Churchill asked about the oxygen capacity. We believe it does represent 
hemoconcentration. The volume of the packed red cells also increased following 
lobectomy. Why that occurs, I am not sure. In the few instances in which it did 
not occur, in which perhaps a certain amount of bleeding took place during the 
operation, the transfusion did not produce edema. 

We are investigating the effects of plasma and intravenous salt solution but are 
not prepared to report on them. When hemoconcentration is present, plasma is 
undoubtedly a more suitable fluid to use than blood. 











THE ‘‘SNIFF TEST’? IN THORACIC SURGERY 
Wirtn A ReEviEw or 119 PHrRENICc NERVE INTERRUPTIONS* 


JACK GREENFIELD, M.D. (BY INVITATION), CLEVELAND, OHIO, AND 
GerorGE M. Curtis, M.D., CotumBus, OHIO 


HE ‘‘sniff test’’ reveals the presence of paralysis of the hemidia- 

phragm following phrenic nerve interruption from any cause. It 
is of particular significance since interruption of the phrenic nerve has 
become established as a therapeutic measure as well as an adjunct to 
more radical thoracic surgery. 

Phrenic nerve interruption as a method of treatment has become 
deservedly popular in the management of certain patients with pul- 
monary tuberculosis." * ® 7? It was Stuertz, in 1911, who first suggested 
paralyzing one-half of the diaphragm by division of the phrenic nerve 
in the base of the neck, in order to relax the diseased lower lobe which 
could not be compressed by artificial pneumothorax.*® By 1913, Sauer- 
bruch had reported five patients for whom he had performed phrenicot- 
omy.'* Soon the disadvantages of simple section of the nerve began to 
appear, and Walther, in 1914, showed that simple phrenicotomy did not 
completely paralyze the diaphragm in more than 50 per cent of the cases 
and that in 20 per cent normal function returned.’* Phrenic nerve 
interruption, however, was not to lapse as a therapeutic measure. 

Goetze, in 1922, showed that in from 20 to 80 per cent of the instances 
examined there was more than one phrenic nerve. In fact, he thought 
that the sympathetic plexus also sent motor fibers to the diaphragm 
along the phrenic nerve. Consequently, he proposed phrenicectomy with 
section of the connecting sympathetic fibers and exposure of the nerve 
to the subelavius muscle, since this nearly always contains the accessory 
phrenic nerves when they are present.’> Since, even then, uniform suc- 
cess in obtaining paralysis of the hemidiaphragm was not accomplished, 
Felix, in 1922, proposed phrenic exeresis or evulsion of the nerve to en- 
sure the removal of all motor fibers.*t Phrenic nerve interruption by 
phrenicectomy or exeresis was then rapidly taken up on the Continent as 
a valuable therapeutic measure. Nevertheless, it was not until 1925, when 
Alexander introduced it, that it became popular in the United States.*® 

It was later shown by Kiss and Ballon that the sympathetic fibers 
carry only vasomotor impulses to the diaphragm and perhaps that they 
have some trophic function, but no motor effect. The same authors 
showed that the phrenic nerve was both motor and sensory and that 
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some of the sensory fibers were supplied by the eleventh and twelfth 
thoracic nerves at the costal attachments of the diaphragm.** 

Because exeresis presents, though infrequently, an element of dan- 
ger,’° and since only temporary paralysis of the hemidiaphragm is fre- 
quently desired, phrenemphraxis or phrenic crush has more recently be- 
come the more popular method.':’> Given a series of patients with 
proper indications, the accomplishment of a successful paralysis of the 
hemidiaphragm should yield satisfactory results in at least two-thirds 
and even on up to 80 per cent. 

The best method which we have found for demonstrating a successful 
paralysis of the hemidiaphragm is the ‘‘sniff test.’’ This is also of 
proved value in following the gradual return of function of the dia- 
phragm in those patients for whom temporary interruption of the 
phrenic nerve has been accomplished. The principles underlying the 
selection of cases, the reasons for the satisfactory results, and the basis 
for the test which will determine a successful paralysis may be under- 
stood best when one is acquainted with the anatomic and physiologic 
effects of the operation on the diaphragm, the intrapleural space, and 
the involved lung. 

Upon interruption of the phrenic nerve and its principal accessories, 
the paralyzed hemidiaphragm ascends into the thorax, reducing the 
chest capacity on the paralyzed side with a resultant compression of the 
lung. Brunner, in his experiments,”* showed that the collapse provided 
by hemidiaphragmatie paralysis can result in a reduction of from one- 
sixth to one-third of the total lung volume. Matson, in comparing this 
effect with pneumothorax therapy, found that the resultant compres- 
sion of the lung was equal to that following the introduction of from 
400 to 800 ¢.c. of air into the pleural cavity.?? Yet, even in the face of 
this corresponding decrease in vital capacity, Werner found ‘no decrease 
in the oxygen consumption.’® 

Another result is that the diaphragm no longer regulates in its nor- 
mal manner the changes in intrathoracic pressure during the succeeding 
phases of respiration, but responds in a more passive manner to those 
pressures in so far as certain pathologic changes in the diaphragm and 
pleura permit. On inspiration, the negative pressure is less on the 
paralyzed side. A functioning hemidiaphragm makes approximately 
20,000 respiratory excursions in twenty-four hours. This ceases upon 
paralysis thus relieving the lung of a corresponding amount of move- 
ment. 

The rise is usually less marked and often may be entirely absent in 
patients with diaphragmatic adhesions. Cooper*® reported no rise in 38 
out of 103 cases after phrenic exeresis; nevertheless, the downward in- 
spiratory pull of the diaphragm ceased. The gradual rise of the dia- 
phragm may continue to some degree for from six months to a year, as 
the tone of the paralyzed muscle is gradually lost. The musculature 
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undergoes an eventual atrophy leaving a thin fibrous structure. His- 
tologieally, fatty degeneration is present, an occasional atrophic muscle 
cell is seen, and the fibrous element is thinner than normal. Its tensile 
strength, however, remains good, and the dangers of later herniation are 
slight.* This gradual rise of the diaphragm is further accentuated by 
shrinkage of the pulmonary scar tissue as healing in the lung progresses. 
The maximum rise may not be attained for a year or more and may be 
as high as 13 em.”? 

The effects on the lung are several. There is rest by cessation of the 
force of diaphragmatic action, and compression due to the decrease in 
size of the thoracic cage. Forsee, among others, claims that relaxation 
of the lung is greatest where the tendency to shrinkage is greatest.* ** 
This tendency appears to be at a maximum where cavities and tubercles 
are healing and, therefore, paralysis of the diaphragm has even a selec- 
tive effect with respect to cavity collapse. 

An interesting effect of unilateral paralysis of the diaphragm is a 
resultant paradoxical motion, which has been noticed by many.” * 1? ?? 
This is frequently seen upon fluoroscopy after interruption of the 
phrenic nerve. The paralyzed hemidiaphragm rises on deep inspiration 
while the unparalyzed leaf descends. Paradoxical motion of this type 
was first recognized and described by Kienbéck in 1898.** By fluoro- 
scopy he observed that in a unilateral pyopneumothorax the diaphragm 
with the supernatant fluid ascended during inspiration while the other 
diaphragm descended normally. He made the erroneous assumption 
that the diaphragm was paralyzed and his explanation of the phe- 
nomenon, which he called paradoxical motion, was that the affected 
hemidiaphragm was forced up during inspiration by the increased ab- 
dominal pressure caused by the descent of the unaffected leaf. 

Vadone and Udaondo analyzed the Kienbéck phenomenon.?” 7° They 
found that paradoxical movement of the diaphragm sometimes accom- 
panies pneumothorax, but that in those instances it is always associated 
with an increased positive pressure and does not occur if the intra- 
pleural pressure at expiration remains negative. When paradoxical 
motion did occur in the presence of pneumothorax it disappeared when 
the patient lay on that side. If the phrenic nerve to that side is inter- 
rupted, however, paradoxical motion will occur in any position. 

Sauerbruch® and later Meyer’® stated that the cause of paradoxical 
motion of the diaphragm after phrenic nerve interruption is that during 
inspiration the diaphragm on the paralyzed side is sucked up due to 
elevation of the thoracic wall; while during expiration, on account of 
the increase in intrathoracic pressure, it is pushed down. However, the 
increase in abdominal pressure, as well as the suction by negative intra- 
thoracic pressure on the affected side, appears to play a part in the 
production of the phenomenon. The effect may even be aided by the 
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pendelluft action of Brauer'' which on inspiration, due to the greater 
negative pressure on the unaffected side, causes air to be drawn out of 
the partially compressed lung, further collapsing it. This, in turn, in- 
creases the negative pressure on the affected side and sucks the dia- 
phragm up even further (Fig. 1). On expiration it forces air into the 
affected lung, expanding it. Thus, the secondary flutterings frequently 
seen after the initial rise on inspiration are to be explained. 
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Fig. 1.—Diagrammatic presentation of the factors involved in the production 
positive “sniff test.” 

The thoracic surgeon, in his effort to determine whether he has ob- 
tained complete motor interruption to the diaphragm, has attempted 
several methods. The majority observe the resultant elevation of the 
diaphragm either by fluoroscopy or roentgenogram, or the fixation of 
the diaphragm, or both. As shown by Cooper, the rise may not occur in 
from 35 to 38 per cent of the patients, depending upon the condition of 
the lung, adhesions, fibrosis, ete. Also, the diaphragm may not rise 
until later. Although fixation following phrenic nerve interruption is 
fairly constant, instances are recorded in which the normally moving 
diaphragm by its increased activity has caused motion on the paralyzed 
side.® 

In searching for a better indication as to whether interruption of all 
the motor branches to the hemidiaphragm had been obtained, Walther 
was the first to study the results by fluoroscopy, using the paradoxical 
motion resultant to forced respiration as a basis for demonstrating a 
suecessful paralysis..* As a further improvement, since paradoxical 
motion did not always occur with forced respiration, Bittdorf intro- 
duced a test by which the paradoxical motion could be demonstrated 
even better.2* In order to elicit the sign, the patient was instructed to 
close the nostrils with the fingers and then attempt to take a deep breath 
with the mouth closed. The paralyzed hemidiaphragm rose in the 
thoracic cavity ; on the noninterrupted side it descended. 
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A sensitive and more easily applied test is the ‘‘sniff test,’’ first des- 
cribed by Hitzenberger in 1927, and elicited by directing the patient 
suddenly to sniff.2* The paralyzed hemidiaphragm rises whereas the 
normal descends. In the presence of hydrothorax, thickened pleura, or 
extensive disease of the lung, visibility under the fluoroscope may be so 
obscured that even this test may not be conclusive. In the presence of 
diaphragmatic hernia, because the positive pressure in the abdomen and 
the negative pressure in the chest cannot exert their influence in the 
presence of a large opening in the hemidiaphragm, this test cannot be 
elicited. 

Phrenic nerve interruption may be obtained by any one of several 
methods. The phrenic nerve may be temporarily interrupted by simple 
section with immediate suture, from which regeneration may be ex- 
pected within four months.? Regeneration following alcohol injection, 
as described by Goetze, occurs in about three months.’ Freezing with 
ethyl chloride delays the return of function for about eight days. The 
return of function subsequent to novocain injection ensues in from six 
to twenty-four hours. Phrenemphraxis, with exposure of the nerve and 
crushing of a segment together with section of the accessory nerves, de- 
lays the return of function for from four to eighteen months. The lat- 
ter is the most popular method in use today. For permanent effects, 
phrenicectomy as proposed by Goetze’® or the more radical and success- 
ful exeresis of the nerve as devised by Felix*' are employed. 

The unsatisfactory results sometimes obtained are due to abnormal 
positions of the phrenic nerve, multiple nerves, and the presence of ac- 
cessories. This has been ably discussed and illustrated by Matson.* 
Accessory divisions arise most commonly from the fifth cervical nerve, 
either near 0: along the nerve to the subclavious muscle. If arising with 
the nerve to the subclavius, the accessory division usually separates from 
it just before the nerve enters the muscle. The accessory branch then 
continues downward, passing in front of the subclavian vein, to join 
the main stem of the phrenic nerve, usually just beyond the sternal 
end of the first rib. Accessory branches, however, may arise from the 
second, third, sixth, seventh, or eighth cervical trunks. These anomalies 
make it imperative to obtain good exposure of the anterior scalene 
muscle and to explore each side in addition to the anterior surface. 
Sometimes, when phrenic crush is attempted, the crushing is inadequate 
and although a positive test for paralysis is obtained immediately after 
operation, function returns a few days later. 


Keeping the principles and effect of phrenic nerve interruption in 
mind, the thoracic surgeon can find many uses for the operation not 
only in treatment per se, but as a valuable adjunct to other more com- 
plex surgical procedures. 


The indications for phrenic interruption in pulmonary tuberculosis 
are found largely in patients with unilateral disease who do not respond 
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well after several months of the usual bed-rest treatment, those who have 
persistent open cavities with positive sputum, or those who have a con- 
stant cough with expectoration. In the majority of cases pneumothorax 
has been tried without success. Phrenic interruption is likewise em- 
ployed as an adjunct where, subsequent to pneumothorax, basilar ad- 
hesions prevent sufficient collapse and, finally, either preceding or fol- 
lowing thoracoplasty.’ * '? 

It is also of value in the collapse of chronic empyema cavities which 
are being drained,’® as a palliative measure in diaphragmatic hernia 
when direct operative intervention is contraindicated, and as a pre- 
liminary measure *°’ the radical cure of diaphragmatic hernia.*;'* It 
can be used as an aid in obliterating residual cavities remaining after 
the removal of tumors of the thoracic wall,'* after lobectomy,** and after 
curettage or dissection of persistent bronchial fistula.’* Occasionally 
phrenic interruption has been employed to relieve intractable hiccough, 
29 or to stop acute or repeated pulmonary hemorrhages both in 
pulmonary tuberculosis and bronchiectasis.‘* It may also be employed 
in collapsing the residual cavity after drainage of a lung abscess. 

It is difficult to measure the results of phrenic interruption quanti- 
tatively ; however, they may be considered satisfactory when the desired 
effect is obtained. Thus, if an empyema cavity is made smaller, if an 
incomplete collapse of a lung is completed, or if the desired decrease in 
sputum production is obtained, the result may be recorded as satis- 
factory. Trudeau obtained 66 per cent improvement in 300 cases of 
pulmonary tuberculosis! and Cooper reported contraction of cavities in 
37 per cent of 103 cases. When used as an adjunet to multiple-stage 
thoracoplasty, it may control lower lobe lesions and thereby decrease the 
number of ribs to be resected.’\® Moreover, if temporary interruption 
is employed, that much vital capacity is preserved for the-future benefit 
of the patient. 

From October, 1933 to July, 1939, 119 phrenic nerve interruptions 
were performed on the research surgical service, for pulmonary tuber- 
culosis with hemorrhage, because of unsuccessful pneumothorax therapy, 
as an aid to pneumothorax where basal adhesions prevented adequate 
collapse, as sole therapy in pulmonary tuberculosis, as an aid to collapse 
by thoracoplasty, to facilitate the operation for diaphragmatic hernia, 
for intractable hiccough, to aid in the closure of bronchial fistulas and 
drained lung abscesses, and to aid in the obliteration of empyema cav- 
ities (Table I). For the purposes of a brief report of this experience, 
measurements of the vital capacity and tests of diaphragmatic function 
were made and the results judged within one month following the in- 
terruption. 

Three types of interruption were accomplished, exeresis for thirty-one 
patients, crush for eighty-seven, and novocain injection in one instance. 
Fluoroscopiec examination was not made of seven patients because they 
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GREENFIELD AND CURTIS: SNIFF TEST 85 
were too ill to take to the fluoroscope; in one patient the diaphragm 
could not be visualized and in one, the patient with diaphragmatic 
hernia, neither a negative nor a postive ‘‘sniff test’? could be obtained. 

Of the 111 patients examined, the diaphragm was found to be im- 
mobile in 107, mobile in 4, elevated in 85, and not elevated in 26. The 
‘‘sniff test’’ was positive in 105 and negative in 5. All the negatives 
proved to be due to lack of complete motor paralysis. In one case the 
hemidiaphragm moved in spite of paralysis as proved by the ultimate 
rise and positive ‘‘sniff test.’’ The immediate results were satisfactory 
in 94, or 79 per cent, of the total number of patients treated, while the 
‘‘sniff test’? was applicable to 110 of the 111 cases tested. 

The anatomy encountered at operation was normal in 93 and ab- 
normal in 26 patients; 28 had accessory phrenic nerves; 1 had a double 
and 1 a triple phrenic nerve. Of the 28 with accessories, 8 had two and 
1 had three accessory branches. In the patients with a negative ‘‘sniff 
test,’’ it became apparent that accessories had been missed. 

In 25 interruptions, where no other operations were done or any other 
affecting therapy instituted, the vital capacity was measured before and 
after operation. The immediate results were as follows: The average 
decrease in vital capacity was 363 c¢.c., the greatest single decrease being 
785 ec. The lowest single percentage decrease was 7 per cent and the 
greatest was 30 per cent of the total vital capacity. 

Of all the interruptions, ten were recrushes, one because of failure 
due to inadequate exploration at the first operation and nine because 
of return of function before the desired effects were obtained, from six 
to eighteen months subsequent to the primary interruption. 

Phrenic nerve interruption is of proved value in certain intrathoracic 
lesions. Exeresis may be done if permanent paralysis is desired. Al- 
though certain of our patients had immediate reactions -characterized 
by mild shock or gastric symptoms of dyspnea, they soon recovered and 
there was no morbidity or mortality. A wiser procedure in most eases 
is phrenemphraxis or phrenic crush, because of its simplicity and since 
a temporary paralysis is often desired. The effects last from four to 
eighteen months and, if necessary, recrush may then be accomplished. 
Adequate exposure and careful exploration for accessory and accom- 
panying phrenic nerves is necessary. 

A valuable and readily accomplished test for the resultant dia- 
phragmatic paralysis is the ‘‘sniff test.’’ This is of particular service in 
following the return of function in patients treated by temporary 
phrenic interruption. The test is based upon the paradoxical motion of 
the diaphragm which sometimes occurs upon forced respiration follow- 
ing paralysis of the hemidiaphragm, but which always occurs when no 
dissipation of the inspired air is permitted by closure of the glottis after 
the forced inspiration during a sniff. The slight rebound of the dia- 
phragm when this test is being elicited appears to be due to the pendel- 
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luft effect. The paradoxical motion is a resultant of a combination of 
increased abdominal pressure acting on the paralyzed leaf from below, 
suction of the negative pressure of the intrapleural space above, and 
the increase of this negative pressure by the further shrinking of the 
partially compressed lung when the greater force of the other expanding 
lung draws air out of it, during forced inspiration. 


SUMMARY 


1. The value of the ‘‘sniff test’’ for the demonstration of successful 
paralysis of the hemidiaphragm following phrenic nerve interruption 
has been presented. 

2. The basis for the test and its mechanics have been considered. 

3. One hundred and nineteen phrenic nerve operations have been 
reviewed. 
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FLAP DRAINAGE OF RESIDUAL TUBERCULOUS CAVITIES 


W. I. Rogers, M.D., Sney J. SHipman, M.D., anp A. C. Dantets, M.D. 
(BY INVITATION), SAN FRANcrsco, CALir. 


URING the last fifteen years a relatively large number of surgical 

procedures have been described as an aid in collapse therapy of 
apical lesions with large cavitation. Apical thoracoplasty involving the 
resection of a goodly portion of the upper rib cage (one to seven ribs) 
has been supplemented in many instances by more extensive procedures. 
Semb! and his followers advise an additional pneumolysis. Proust and 
Maurer have advised removal of transverse processes. Holman has 
recommended the additional removal of the lower portion of the scapula. 
Alexander? has recommended removal of full lengths of ribs and their 
cartilages as well as the transverse processes. 

Various anterior procedures have been described as adjuncts. Head* 
has proposed an initial paraffin plombage in certain apparently diffi- 
cult collapse problems; this to be followed, if necessary, by apical 
thoracoplasty. Butler, Skinner, Douglass, and Merkel* have recom- 
mended a myoplastie thoracoplasty with utilization of the pectoral mus- 
cles. Several supplemental procedures to thoracoplasty have also been 
described in an effort to collapse residual cavities. Matson has been using 
an extrapleural gauze pack in an endeavor to collapse residual cavities 
beneath thoracoplasty and of recent date has used it extensively as a 
primary procedure. 

A much smaller group has recommended, from time to time, the ad- 
visability of draining persistent residual cavities either into an existing 
infected pleura or to the outside. Nissen® has reported a successful 
drainage of a large anterior apical cavity following an unsuccessful 
attempt at plombage. He utilized a muscle flap to fill the cavity space 
with favorable result. Lilienthal,** in 1927, 1929, and 1931, cited 
sporadic cases in two of which he had used the muscle flap similar to 
the case described by Nissen. He also described some other cases in 
which he had drained residual cavities, one into the pleura and three to 
the outside. In one ease there was an apparent cure with spontaneous 
closure of the fistula. The others were apparently somewhat improved. 
He appeared to have some technical difficulty in keeping his wounds 
open. Coryllos and Ornstein® in discussing giant tuberculous cavities, 
in 1938, reported a series of twelve cases having residual cavities under 
thoracoplasty in which they had afforded open drainage and, at the 
same procedure, utilized a long pedunculated muscle flap to fill the cavity 
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completely. They deseribed a 50 per cent cure. However, their mortal- 
ity rate was four in this group selected. In conclusion, they stated that 
while the muscle flap had given a 50 per cent negative sputum, it was 
a procedure still fraught with dangerous complications. Their results 
at attempting intracavitary cauterization of the communicating bronchus 
were not encouraging. Injection of material into cavities has not gained 
favor. 

In reviewing statistical studies of immediate and late results of 
thoracoplasty, it would seem fair to conclude that we are all confronted 
with a small group of persistent residual cavities in spite of the type or 
character of mechanical collapse employed. O’Brien, Day, Chapman, 
and Tuttle,'? reviewing 511 patients, stated that 447 of this group 
showed cavitation before operation. Following operation 387, or 87.02 
per cent, had their cavities closed, and 58, or 12.98 per cent, remained 
open after operation. Dolly, Jones, and Paxton"! in reviewing 1,636 eases 
found the sputum positive in 396 and described this to be due to (1) 
incomplete approximation of cavity walls, and (2) active bronchial or 
tracheal ulceration. In conclusion they cited the following reasons for 
cavity persistence : 

- Too long delay between stages 

. Posterior cavity protected by transverse processes not excised 

3. Anterior cavity protected beneath the costal cartilages not removed 

. Insufficient length of ribs removed 

5. Insufficient number of ribs removed 
Have not most of these conclusions been based upon the concept that 
tuberculous cavities are merely vacant spaces hollowed by disease from 
the surrounding lung, neglecting the newer knowledge of cavity forma- 
tion and persistence? Eloesser,'? '° in his classical work on bronchial 
stenosis, especially its relation to tuberculosis, and Coryllgs and Ornstein, 
as well as Max Pinner and others, have pointed the way toward a 
dynamie concept of cavitation. This recognizes that the bronchial tree, 
as well as the surrounding lung, is not statie but expansile and that the 
air passages themselves expand on inspiration and contract on expiration. 
In a diseased and tortuous condition such narrowed bronchi allow air 
to enter but make egress of air and morbid secretions extremely difficult. 
A one-way check valve is formed, blowing up, as it were, small rents in 
the lung structure until they become clinically recognizable cavities. 
These are spherical and have been termed tension, or blocked, cavities. 
It is now recognized that at times they offer stubborn resistance to the 
usual collapse measures. 

Thus, it would seem that a modern concept of tuberculous cavitation 
would require that two factors be kept in mind: (1) The intrinsie or 
bronchial factor responsible for the one-way valve effect and consequent 
positive intracavitary pressures; and (2) the extrinsic or chest wall 
factor which sooner or later, by adhesions to the underlying pleura and 
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lung, may tend to keep the cavity from closing. It is the latter that has 
been attacked so vigorously and relatively successfully by various col- 
lapse measures, a few of which we have enumerated. This approach 
alone has, however, failed to close all cavities when used without regard 
to the intrinsic bronchial or positive pressure factor. 

Experiments with needles and rubber tubes of various sizes in some 
of the tension cavities which have come under our observation have 
shown that simple exposure to atmospheric pressure will cause such a 
cavity to disappear at times in a very few minutes and that it will 
promptly reappear when the needle or tube is withdrawn. One of us 
(W. L. R.) has needled and withdrawn the air from such cavities im- 
mediately prior to thoracoplasty and watched them disappear. Follow- 
ing a standard thoracoplasty some have remained closed and others have 
reopened. Monaldi'* has apparently cured cavities by the insertion of a 
catheter followed by suction. In our hands this procedure has generally 
failed, especially in large cavities (as Monaldi himself states), probably 
due to the fact that the intrinsic factor was satisfied but not the extrinsic. 
Certainly in our hands the Monaldi method has failed to close the type 
of cavity under discussion. 

During the earlier stages of activity various areas in the upper portion 
of the lung field are apt to be affected as well as the area manifested by 
cavity formation. Doctor Vorwald has kindly consented to our use of 
the following lung sections demonstrating quite clearly this point 
(Fig. 1). 

Therefore, bearing these factors in mind, it would seem logical and 
proper to start with thoracoplasty, more conservative procedures having 
failed. In all cases a routine upper first stage thoracoplasty was per- 
formed with the resection of all of the first and second and a liberal 
segment of the third rib. The electric coagulating current was used to 
destroy the periosteum on the posterior and lateral borders, as well as to 
control oozing and to seal lymphatics. Ten per cent formalin was used 
to touch the remaining anterior rib beds. This was followed by a second 
stage consisting of the removal of a liberal section of from two to four 
additional ribs. If three were taken, the lower portion of the scapula 
was generally removed to prevent distress from overriding on the seventh 
rib as well as possible to aid in the collapse obtained. 

A goodly percentage of conversion will be effected by these relatively 
conservative procedures. Two-thirds of our group so treated are well 
and at work with negative or no sputum. No operative mortality was 
encountered in 100 consecutive cases. We feel that the remaining group, 
one-third of the eases in our series, should be carefully studied anew to 
determine, if possible, the probable source of the continued positive spu- 
tum. X-ray stereoscopic films, heavy density exposures, and planographs 
will aid in disclosing the diseased areas. Bronchoscopy may be of par- 
ticular aid in determining the source and cause of the positive sputum. 
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The presence of tracheobronchial disease may also be recognized by this 
aid. 

In the presence of active tracheobronchial disease, which would seem 
to be the source of the persistent positive sputum, further collapse 
therapy may seem undesirable. If the active disease would appear to be 
somewhat diffuse but still limited to the affected side, further resection 
downward or some revision modification would seem justifiable. How- 
ever, if rather extensive study reveals an isolated, uncollapsed cavity 
underlying the resection as being the probable soure of the continued 
positive sputum, we feel that the intrinsic or bronchial factor should be 
seriously considered and external decompression be performed rather 
than to resorting to further extensive revision procedures (Figs. 2 to 6). 


Fig. 1.—Large apical cavities with multiple smaller tuberculous foci in upper lung 
field (Vorwald). 

To date, we have performed open cavity decompression in nine such 
cases with no mortality or serious complication. The five patients 
operated upon over a period of six months have all had sputum con- 
version and their wounds closed. The first case done with a slightly 
different technique, in 1936, required a subsequent closure of a bronchial 
fistula. The other four have had spontaneous closure of bronchial fistulas. 
All have remained well and healed to date. Of the remaining four pa- 
tients operated upon within the last six months, all but one (the most 
recent) are afebrile. Two have had sputum and sinus conversion but 
still retain a small bronchial fistula with diminished cavity size in the 
bed of the wounds. The third has only a fleck of daily sputum, but may 
be classified as Gaffky I. His diminished cavity bed is still a Gaffky IV 
in contrast to a Gaffky VII at time of operation, and a small bronchial 
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Fig. 2.—X-ray showing residual cavity. 


Fig. 3.—Cavity injected with lipiodol. 
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Fig. 4.—Lipiodol injected along skin flap directly into cavity. 


Fig. 5.—Planograph film revealing residual cavity under apical thoracoplasty, 
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communication is still present. The ninth case is too recent to discuss 
as to probable outcome. All cavities contained tubercle bacilli. One also 
contained pyogenic organisms, but in this case the secondary infection 
followed previous attempts at tubal drainage. Doctor Eloesser has used 
this type of drainage following essentially the same technique in two ad- 
ditional eases. In the first case operation was performed as a secondary 
procedure for a residual cavity beneath thoracoplasty with resulting 


r 


Fig. 6.—Cavity closed, sinus healed, sputum negative. 


cure. In the second case it was utilized as a primary procedure. The 
indication in this instance was to aid, if possible, to diminish the amount 
of daily sputum by draining a rather large cavity in the middle lung 
field. The cavity was not considered the only source of the patient’s 
sputum. General improvement followed. A sputum conversion was 
obviously not obtained. 

Regarding technique, all operations have been carried out readily 
under local anesthesia. With the exception of the first case (operation 
1936), the cavities were needled and readings recorded under various 
conditions (during normal respiration, following pressure against a 
closed glottis, after counting, after addition and also withdrawal of air). 
Two approaches have been utilized, a posterior or axillary, depend- 
ing upon the location of the residual cavity (Figs. 7 and 8). A flap 
of skin has been utilized as described by Eloesser’ in the treatment of 
chronic empyema. The apex of the flap is reflected away from the 
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wound, the underlying tissue severed with the aid of the actual cautery, 
any regenerated rib removed, and, if advisable, one intercostal muscle 
bundle with its nerve, artery, and vein also removed. A needle is then 
inserted into the cavity and readings are taken. With the needle in place, 
the intervening tissue is severed with the actual cautery and the cavity 
entered. A good-sized opening is made in the cavity wall, the cavity in- 
spected, and smears and cultures are taken of its contents. The apex of 


Fig. 7.—Posterior paravertebral approach. 


Fig. 8.—Anterior axillary approach. 


the flap is then sutured to the cavity wall, or in most cases to the overly- 
ing thickened pleura with an interrupted mattress type of black silk 
suture. The cavity is then gently packed'with plain or iodoform gauze 
and the wound dressed with vaseline strips. 


In conelusion, we feel that a rational plan has been briefly discussed 
for the surgical treatment of apical pulmonary disease with cavitation, 
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bearing in mind the two important factors, namely, the intrinsic or 
bronchial factor and the chest wall factor, as being influential in cavity 
closure. 

By following such a program, it is believed that a minimal amount 
of healthy lung will be sacrificed, and perhaps, at least in many cases, 
most extensive, somewhat mutilating, and at the same time hazardous 
procedures avoided. Specific indications have been outlined for open 
decompression, namely, a residual cavity remaining after a standard 
type of two-stage apical thoracoplasty in which the continued positive 
sputum would seem to be coming from the cavity itself and not from 
any adjacent foci. A satisfactory technique for this procedure has been 
described. A series of nine cases has been discussed with results obtained 


to date. 
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DISCUSSION 


DR. EDGAR W. DAVIS, Washington, D. C.—In the latter part of last year, or 
perhaps the first of this year, an article came from Leipzig reporting four cases in 
which the Monaldi procedure had been used on residual cavities following thora- 
coplasty. In none of those four cases did the cavity eventually completely close and 
the sputum become negative. 

According to the presentation of the papers today, we have approximately 70 or 
75 per cent of good results following thoracoplasty. That still leaves a good number 
of unsatisfactory cases. 

As has already been said, we are not satisfied with that; we should always strive 
to improve our results and encourage methods that offer hope in the unsatisfactory 


cases. 
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Several months ago, we had a young lady of about 27 years of age who had hed 
a three-stage thoracoplasty in 1936. In 1938, she had a three-stage secondary thora- 
coplasty and a complementary anterior thoracoplasty with resection of the anterior 
segments, including the cartilages. As complete an anatomic collapse as was possible 
had been obtained. She still had a residual cavity 7 em. in length and 4 em. in width. 

Since several people had advised against a lobectomy in some of those cases, it was 
felt that a surgical drainage of this cavity should be done, and if good results were 
not obtained, a lobectomy could be done later. Accordingly, the cavity was drained. 
We used the electrosurgical loop to remove sections of the wall of the cavity, and 
made histologic studies. The histologist was unable to distinguish any difference at 
all in the tissue removed from this cavity wall as compared with our routine, ordinary 
pyogenic abscess wall. 

Unfortunately, about ten days or two weeks following surgical drainage, this girl 
developed scarlet fever. During the quarantine period her cavity was not packed 
widely. To avoid the complete closure of the opening into the cavity it was necessary 
to insert a rubber tube. 

She had no unfavorable reaction, her temperature immediately became normal, 
the leucocytosis completely disappeared, her cough which had been very harassing 
completely disappeared, and her sputum, together with the secretions from the pul- 
monary cavity, immediately became negative. 

It has now been about three or four months, and she is still doing exceptionally 
well, though her bronchial fistula is still open. 

I have enjoyed the presentation of these papers and [I feel that inasmuch as we 
have a certain percentage of residual cavities underlying thoracoplasty, there is 
certainly room for considerable improvement. 





ACUTE PUTRID ABSCESS OF THE LUNG 
V. Hyperacute VARIETY 


Haro_p Nevunor, M.D., aNp ArtHUR S. W. Tourorr, M.D. 
New York, N. Y. 


LTHOUGH at the present time, considerable difference of opinion 

still exists concerning operative treatment for acute putrid pul- 
monary abscess, it is safe to say that thus far early surgical intervention 
has not been generally approved. The so-called conservative manage- 
ment of the disease is based upon two assumptions, namely, that cure 
occurs often without operation and that in the acute stage the presence 
of pneumonic infiltration renders surgical treatment unsafe. The first 
of these views rests upon a belief in the efficacy of such methods as 
postural drainage and bronchoscopy. The second is based upon the 
concept that abscess of the lung in the acute stage is not a localized 
process but is part of a more or less ill-defined and extensive area of 
inflammatory disease. Our argument in favor of operative treatment 
in the acute stage of pulmonary abscess has been set forth elsewhere * * 
and need not be repeated here. 

Regardless of the difference of opinion concerning the advisability 
of operative treatment in the acute stage of pulmonary abscess, no dis- 
agreement exists concerning the seriousness of the more severe cases of 
acute abscess and the lack of likelihood of cure of such cases under 
conservative therapy. Although relatively uncommon, these severe cases, 
which we have termed ‘‘hyperacute,’’ are not rare in a large series of 
cases of pulmonary abscess. When treated by conservative methods, 
they tend to terminate fatally. Indeed, in all probability the mortality 
of the acute stage of abscess of the lung is low only because these cases 
are relatively rare. Thus, in view of the fact that spontaneous cure or 
cure by conservative methods cannot be anticipated, the necessity for 
some form of relief in these cases has been generally realized. As a 
result, they have been subjected to operation from time to time. Surgi- 
cal treatment of cases of hyperacute pulmonary abscess has not been 
carried out routinely because, first, the patients often have been re- 
garded as too ill for operative treatment; second, the lesion often has 
been considered too extensive; and third, the area of pulmonary de- 
struction has been assumed to be only a part of a much more extensive 
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ill-defined zone of ‘‘gangrene of the lung.’’ The impression we have 
gained is that hyperacute abscess usually has been operated upon 
only because an error in diagnosis had been made and the lesion was 
considered to be a pyopneumothorax requiring prompt drainage. In 
fact, this was precisely the situation in our own first case, which shall 


now be reported briefly. 


B. C., an adult male, was admitted to the Mount Sinai Hospital, Oct. 9, 1930, 
with a two weeks’ history of cough and fever. One week after onset the sputum 
became intensely foul and copious and the patient became quite weak. At about 
the same time, glycosuria was discovered. 

On admission, the patient was profoundly toxic and apathetic. Fever was of 
the septic type. The pulse rate varied between 88 and 124. X-ray examination 
revealed a large collection of fluid surmounted by air extending from the level 
of the third rib (anteriorly) to the apex. The patient was kept under medical 
observation and treatment for five days and then the question of surgical inter- 
vention came up, despite the desperate general condition of the patient, on the 
diagnosis of encapsulated pyopneumothorax due to a perforated acute putrid pul- 


monary abscess. 


Fig. 1.—B. C., film of chest on admission to hospital; note large cavity with fluid 
level in right upper lobe, apparently an encapsulated pyopneumothorax. At operation 
the lesion was found to be a large unperforated pulmonary abscess. 


At operation (Oct. 14, 1930), uncer local anesthesia, a segment of the third 
rib was excised and a globular cavity measuring about 10 em. in all diameters 
was entered. The contents consisted of foul pus and pulmonary slough. Several 
bronchial fistulas were present and the cavity obviously was situated entirely within 
the substance of the lung and not within the pleura. After the lesion had been com- 
pletely evacuated, the cavity was packed lightly with gauze. 
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The postoperative course was remarkably uneventful. Cough and expectoration 
ceased almost at once and the cavity rapidly became reduced in size. The patient 
was discharged entirely symptom-free in three weeks. The wound subsequently 
healed without incident and the patient remained free of all pulmonary manifesta- 
tions until his death, four years later, from carcinoma of the stomach. At post- 
mortem examination, the only significant findings referable to the former pulmonary 


disease were some local pleuritic adhesions over the upper lobe. 


La 


Fig. 2.—B. C., lateral film paps Taran” is situated in the anterior 

Had the preoperative diagnosis in the foregoing case been correct, 
the patient would not have been operated upon because at that time 
(1930) such extensive lesions in patients in poor general condition 
were not regarded as amenable to operative relief. Only after a few 
similar experiences was it appreciated that cases of hyperacute abscess 
of the lung comprised an important group in which prompt operative 
treatment yielded remarkably good results. 

Definition.—In ‘‘hyperacute’’ abscess the clinical course is severe and 
fulminating and the lesion usually is of large size. Obviously, hyper- 
acute abscess is not defined sharply by this statement and certain cases 
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may be considered hyperacute by some and not by others. As a group, 
the cases are characterized by a short history, profound toxemia or 
apathy (with or without high fever), and a tendeney to spread not 
only locally but also more remotely by the mechanism of bronchial 
spillover. The importance of segregating hyperacute cases lies in the 
necessity of regarding them as surgical emergencies irrespective of 
one’s view in favor of or against early operation in less severe cases. 
Put in another way, hyperacute abscess can be properly regarded as 
one in which the likelihood of recovery under conservative therapy is 
not great, and the probability of a fatality is real, unless operative treat- 
ment is instituted. 

Roentgen Features—In a previous communication,’ we stated that 
the roentgen features of ordinary cases of abscess of the lung are typical 
or characteristic only in the minority of cases. In the remainder, the 
diagnosis of pulmonary abscess cannot be made on the basis of roent- 
genograms alone. On the other hand, in almost all hyperacute cases 
that have come under our observation the films have been characteristic 
of abscess. Hence, it can be said that hyperacute abscess is character- 
ized roentgenologically by the presence of a large area of excavation 
containing a fluid level. There are three additional roentgenographiec 
features which are common in hyperacute abscess: (1) There is 
substantially more infiltration in the wall of the abscess than is seen 
ordinarily in acute abscess; (2) the abscess cavity may present an irreg- 
ular or scalloped border due to the attachment of gangrenous pulmonary 
sloughs to the walls; and (3) the pleural reaction about the abscess 
often is both intense and extensive. Recognition of the last mentioned 
feature is of some importance because the diagnosis of an extensive, 
coexisting bronchopneumonia may erroneously be made if this fact 
is not borne in mind. Such an interpretation may lead to the assump- 
tion that the lesion is too extensive or too ill-defined for surgical in- 
tervention. Thus, in one of our cases such an error in roentgen inter- 
pretation led to some delay in instituting operative treatment. For- 


tunately, however, operation was performed and the patient recovered. 


I. M., female, 43 years old, was admitted on March 21, 1939, with a history of 
fever, cough, and dyspnea of two days’ duration. She was treated as a case of 
asthma and bronchopneumonia of the left lower lobe. The x-ray film demon- 
strated infiltration in the region of the apical portion of the lower lobe. Fever 
ranged to 105 F. and the patient expectorated small amounts of sputum. Sulfa- 
pyridine appeared to have no decisive influence on the clinical course. One week 
after admission the x-ray films revealed an area of rarefaction in the region of 
the previous pneumonic infiltration and a widespread invasion of the left lung or 
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pleura, or both. On the ninth day of hospital stay on the medical service, which 
was the eleventh day after the onset of the acute symptoms, the patient expec- 
torated intensely foul sputum. The roentgenogram at that time revealed a fluid 
level in the area of rarefaction. 

The patient’s condition at this time was poor. There were cyanosis, dyspnea, 
profound prostration, and lethargy. She was confused and disoriented. The odor 
of the sputum was intensely and penetratingly foul, being that which is usually 
characterized as the odor of gangrene. Operation was proceeded with as a case of 
extreme emergency. 

At operation, pronounced and edematous pleural adhesions were encountered 
through a paravertebral approach beneath the sixth rib, and a large gangrenous 
abscess of the lung was entered. The cavity was three inches or more in each 
diameter, 

The change in the patient’s condition after operation was striking. There was 
prompt cessation of expectoration of foul pus and rapid improvement in the general 
condition. The patient recovered quickly from a lethargic state which was so ex- 
treme that there was no response of any sort at the operation performed under 
local anesthesia. The sputum was never foul after operation, and cough and ex- 
pectoration ceased three weeks after operation. The x-ray taken shortly after 
operation demonstrated the subsidence of the widespread reaction about the abscess. 
A subsequent film demonstrates the disappearance of all pulmonary infiltration. 


An effort should be made to distinguish roentgenologically between 
a hyperacute abscess which is confined entirely to the substance of the 
lung and one which has perforated locally into the pleura. It may be 
stated, however, that such differentiation at times may be impossible, 
even at operation. The shell of lung overlying an unperforated abscess 
may be exceedingly thin or may not be recognizable as such at the time 
of operation because of the intensity of the local inflammatory reaction. 
In general, a perforated abscess is characterized roentgenologically by 
the presence of two overlapping fluid levels, one within the abscess and 
the other within the empyema. The latter is, of course, the more super- 
ficially situated and more broadly applied to the thoracic parietes, ex- 
cept in the unusual instances in which a pyopneumothorax is encap- 
sulated within the interlobar fissure. Another point to be stressed is 
that separate pulmonary and pleural fluid levels may be distinguishabie 
only if films are taken in several positions such as the lateral, oblique, 
or lateral recumbent. 

Regardless of the question of whether or not a perforation exists, 
the roentgenologic demonstration of the precise site of contact between 
the lesion and the thoracic parietes is imperative in all cases of hyper- 
acute abscess. Theoretically, one might assume the existence of a wide 
area of contact and, hence, of widespread adhesions in all cases of hyper- 
acute abscess because, as already stated, such lesions are of substantial 
size. That this assumption may not be correct, was proved by one of 
our earliest experiences. 
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J. P., a male, 50 years of age, admitted Oct. 11, 1932, who was profoundly 
toxic, came under observation with a huge lesion which appeared to oceupy most 
of the upper half of the right lung. At operation, performed at a site chosen 
rather at random, over the anterior chest, pleural adhesions were not encountered. 
The pleural cavity, fortunately, was not entered and operation was discontinued. 
Further roentgenologic studies then demonstrated that the sole area of contact of 
the abscess with the parietal pleura was situated posteriorly. At the second opera- 
tion, performed a few days after the first, the abscess was entered in one stage 
through walling-off pleural adhesions. Had the free pleural cavity been traversed 
at the first operation, making necessary a second stage procedure at that obviously 
unfavorable site, recovery might not (probably would not) have ensued. 


Fig. 3.—J. P., film of chest on admission; note large cavity with fluid level in 
left upper lobe. The lesion is of such large size that it apparently can be approached 
surgically either from the anterior or posterior aspect of the thorax. 


Precise roentgenographic localization of the abscess (with its corollary 
of a safe one-stage operation) appears to be even more imperative in 
eases of hyperacute abscess than in eases of less severe forms of acute 
pulmonary abscess because of the necessity of eliminating promptly the 
source of infection and of cough and purulent expectoration. 


Indications for Operation.—Assuming rather general agreement as 
to the advisability of early operation in cases of hyperacute abscess, the 
only question to be discussed is that of contraindications to operation. 
In view of the fact that we have repeatedly seen quite unexpected re- 
coveries after drainage of enormous abscesses in gravely ill patients 
(others undoubtedly have had similar experiences), there seems to be 
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no contraindication to operation other than an actually moribund pa- 
tient. The hyperacute variety of pulmonary abscess is the only one in 
which an appreciable surgical mortality should exist and that mor- 
tality should be faced unhesitatingly, for in all likelihood the patients 
will die unless adequately relieved by operation. 

Operative Treatment.—The imperative necessity of a one-stage opera- 
tion, which has already been stressed, should be the keystone of surgical 
treatment. The prerequisite is precise roentgenographie localization of 
the lesion. Little time is required for this essential preoperative step 
and it therefore must not be omitted even in cases in which operation 
is urgent. The details of technique of operation for acute pulmonary 
abscess have been fully set forth elsewhere.® They consist essentially 


ed 


Fig. 4.—J. P., film taken after unsuccessful attempt at operation through an anterior 
approach; note that the lesion lies far posteriorly. 


in the exposure and entry of the abscess through existing visceroparietal 
adhesions at the site of contact between the lesion and the chest wall. 
The abscess is unroofed by excising, within the limits of adhesions, 
the thin avascular shell of overlying lung. After wide entry of the 
abscess, evacuation of its contents, and exploration of recesses (all under 
full visualization), the operation is completed by packing the cavity 
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lightly with gauze. In eases of perforated abscess of the variety under 
consideration, the pulmonary abscess as well as the pyopneumothorax 
must be unroofed. 

It is probable that the outcome is more directly related to the opera- 
tive procedure in hyperacute abscess than in ordinary cases of ‘acute 
abscess. The reason lies in the fact that the patient is more critically 
ill and hence less likely to recover if the operative procedure falls short 
in any important particular. The rather natural tendeney toward the 
performance of a more or less incomplete operation, because of the 
patient’s condition, therefore should be avoided. Accordingly, emphasis 
should be placed on some of the operative steps of the single-stage pro- 
cedure. Whereas local anesthesia may be regarded as elective in or-. 
dinary cases of pulmonary abscess, it is imperative in hyperacute ab- 
seess. Care should be taken to excise segments of rib only to the extent 
required for unroofing the abscess, in order to avoid the possibility of 
opening the free pleura, either by an inadvertent incision or by cough- 
ing or straining efforts on the part of the patient. On the other hand, 
the unroofing of the abscess should not be meager, because liberal un- 
roofing provides the best means for prompt elimination of the anaerobic 
infection and, thus, of the toxie or septic state. Since the overlying lid 
of lung is apt to be quite necrotic in cases of hyperacute abscess, it 
should be excised with great precision. Any recesses of the main ab- 
seess cavity should be explored and adequately laid open in order to 
avoid persistence of infection. Gangrenous sloughs should not be dis- 
turbed when adherent. In short, every effort should be made to provide 
free evacuation of infection with minimal trauma. 

Results of Operation.—Our series of operations for acute putrid pul- 
monary abscess consists now of 122 cases, with 4 deaths, a mortality of 
3.27 per cent. When the hyperacute cases are split off, the results are 
as follows: 38 hyperacute cases, 3 deaths, mortality 7.9 per cent; 84 
other cases, 1 death, mortality 1.19 per cent.* Thus, it can be stated 
that the only group of cases of acute putrid pulmonary abscess in which 
a substantial mortality must be faced at the present time is the hyper- 
acute variety and it is precisely this group in which a much higher 
mortality undoubtedly exists if operative relief is not given. Hence, the 
indication for operation exists in all cases of hyperacute putrid pul- 
monary abscess regardless of the views which may be held concerning 
less severe or fulminating cases. With precise localization and a one- 
stage operation through visecroparietal pleural adhesions, recovery often 
will take place when scarcely anticipated at the time of operation. 

*Since the submission of this paper there have been thirty-two additional opera- 
tions for acute abscess, without additional deaths. Thus, the present mortality of 


operation is 2.6 per cent. Of the additional operations, three were for cases of the 
hyperacute variety, the mortality of this group also being lowered thereby. 
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In Memoriam 


FREDERICK TAYLOR LORD 
1875-1941 


Dr. Frederick Taylor Lord, president of the American Association for 
Thoracic Surgery in 1932, died in Boston, Nov. 4, 1941. He achieved 
recognition as a scientist and scholar despite the distractions of a busy 
consultation practice that called him far and wide: throughout the New 
England States. <A sustained and rigid insistence on factual observation 
ever characterized his efforts in the laboratory, at the bedside, and in the 
lecture room. 

He was born in Bangor, Maine, Jan. 16, 1875. Graduating from the 
Harvard Medical School in 1900, Dr. Lord acquired his training and ex- 
perience in clinical medicine at the Massachusetts General Hospital, first 
as Medical House Officer, and subsequently as a member of the staff of 
that institution. From 1912 to 1935, he was visiting physician and after 
1935, a member of the board of consultation. He organized and for 
many years directed the thoracic clinic. A member of the faculty of the 
Harvard Medical School from 1905, he held the rank of clinical professor 
of medicine from 1930. 

Although broadly experienced and competent in internal medicine, 
diseases of the respiratory tract became his special interest after early 
work (1902) on the influenza bacillus. Pneumonia and lung abscess were 
major subjects of study and publication in later years. Investigation of 
the use of antipneumococecus serum and an interest in the control of 
tuberculosis led to active participation in public health programs in these 
fields. 

In 1915, appeared his book, Diseases of the Bronchi, Lungs and Pleura, 
revised in 1925. This monograph is based on a thorough knowledge of 
the literature and an analysis of carefully recorded original clinical ob- 
servations. 

For services in devasted areas of Monastir in 1917, Dr. Lord was 
awarded the Second Order of St. Sava and the Red Cross (both of 
Serbia.) 

In the examination of a patient, Dr. Lord showed the same meticulous 
attention to detail that characterized his teaching and research. He 
was not one to indulge in brilliant (when correct) intuitive diagnosis, 
but painstakingly assembled a series of facts by a personally taken his- 
tory and complete physical examination. These facts were translated 
into an appraisal of the situation advanced as an hypothesis rather than 
a proved conclusion. To him a diagnosis was an intellectual decision 
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determined by preponderance of evidence and always subject to revision 
in the light of new evidence. It was never a subjective ‘‘hunch’’ 
defended by appeal to inarticulate ‘‘experience.’’ 

A elassicist in the art of auscultation and percussion, increasing de- 
pendence on the x-ray examination never detracted from his interest in 
and skillful interpretation of the findings of the stethoscope. 

Dr. Lord’s experience with thoracic surgery started when he was ¢ 
consultant in operating rooms where it was necessary for him to tell the 
surgeon what rib to resect in order to drain an empyema or lung abscess. 
He was cautious and conservative during the fumbling developmental 
years of this branch of surgery. He never ‘‘blew hot’’ with the enthusi- 
asms of the moment, nor ‘‘cold’’ when unforeseen disaster might well 
have halted progress. On the other hand, his habits of critical and ob- 
jective appraisal of results led him to grow apace with the subject. 
No one derived more intense personal satisfaction from the achievements 
of the thoracic surgeons during the past deeade than Dr. Lord. 

Always generous in deference to observations (but not casual opinions) 
of students and colleagues, ever humble in trusting his own ability to 
interpret the phenomena of disease, Dr. Lord will be remembered as ¢ 
true scholar, an inspiring teacher, and a gentle, wise physician. 


Edward D. Churchill. 


Dr. Lord, although not a surgeon himself, recognized fully the greater 
potentialities of a surgical over a nonsurgical treatment of many thoracic 
ailments, provided that a surgical attack could be made reasonably safe. 
For that reason he joined the American Association for Thoracic Surgery 
in its early years and he was a regular and enthusiastic attendant at the 
meetings. No one was more pleased than he at the steady progress of 
this special field. From the time of the founding of THE JOURNAL OF 
THORACIC SuRGERY until his death last year, he was a member of the 
Advisory Editorial Board. 


Evarts A. Graham, editor. 











